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INTRODUCTION 


All genetic studies thus far made on the soy-bean (Soja max) have been 
concerned with color characters. Piper and Morse (1910) noted segre- 
gation in some progenies in pubescence and seed-coat colors, though no 
definite hybridization experiments were conducted. Trrao (1918) re- 
ported the results of studies on the inheritance of cotyledon color and the 
relation of green and yellow seed-coat colors. 

The soy-bean is especially favorable in some respects for genetic studies. 
There is a large number of differential characters exhibited by the many 


1 Papers from the Department of Genetics, Agricultural Experiment Station, UNIVERSITY OF 
Wisconsin, No. 28. Published with the approval of the Director of the Station. 


Genetics 6: 487 N 1921 








488 C. M. WOODWORTH 


now well-established varieties; and the plant sets seed abundantly, is 
self-fertile, and nearly always self-fertilized. The only difficulty encoun- 
tered in conducting such studies on this plant is in making crosses, due to 
the small size of the flower; but after some practice, a fair degree of success 
is attained. 


MATERIALS AND METHODS 


In 1912 the Department of Genetics of the UNIVERSITY OF WISCONSIN 
started an experiment to determine the effect of selection within pure 
lines of soy-beans on the content and drying quality of the oil. When the 
writer entered the Department in 1914, this experiment was placed under 
his direction as well as certain genetic studies then in progress on varietal 
crosses in soy-beans. To Prof. L. J. Cote the writer is indebted for help- 
ful criticism and inspiration which it is a pleasure to acknowledge. 

Most of the varieties used in the pure-line selection experiment were 
obtained from the Agronomy Department of the WIscoNsIN AGRICUL- 
TURAL EXPERIMENT STATION. ‘Two of these bore the U. S. Seed and Plant 
Introduction numbers 20406 and 20854, and were given in our records 
numbers 8 and 9, respectively. Variety 8 has white or gray pubescence on 
the stems, leaves and pods, and the hilum, seed coat, and cotyledons are 
yellow. Variety 9 has brown or tawny pubescence, the hilum is black, and 
the seed coat and cotyledons are green. The hybrid generations F; to 
F; of reciprocal crosses (also F, of cross variety 8 2 X variety 9 o) 
between these two varieties supply nearly all of the data presented in 
this paper. 

Some additional data also are presented on the segregation of cotyledon 
color within the Auburn variety, S. P. I. No. 21079A, a sample of which 
was originally obtained from the U. S. DEPARTMENT OF AGRICULTURE. 
In the original sample as received, both types of cotyledons were found, 
though no differences were apparent in other seed characters, such as 
shape, color of coat, etc. Certain of these seeds, when tested, proved to 
be heterozygous for yellow cotyledon, and further study of their progenies 
furnished the data presented elsewhere in this paper. 

The difficulty of making artificial crosses in the soy-bean is a real hin- 
drance to the progress of genetic studies in this plant. In making crosses, 
it is necessary to remove the sepals and petals first, and then to remove the 
anthers with the point of a needle. In many cases the pistil is severely 
injured in this operation, and never recovers. Pollination is attended 
with difficulty, also, (1) because of the scanty supply of pollen in just the 
right stage of development, and (2) because of the difficulty of applying 
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pollen to the stigmatic surface, which, instead of being upright on a straight 
‘style, is directed downward on a curved style. Artificial crossing in the 
greenhouse is even less successful than in the field because the flowers are 
usually smaller, and because of the greater scarcity of pollen. 

As stated in the beginning, the soy-bean is nearly always self-fertilized. 
Natural hybrids are rare, but they do occur, as will be shown later in this 
paper. However, under ordinary field conditions and methods of plant- 
ing, the number of such hybrids is ordinarily negligible; and this number 
would likely be still more insignificant when the plants stand farther apart 
in the row, as was the case in the plantings for these studies. For this 
reason it was not deemed necessary to bag flowers of hybrid plants. All 
data, therefore, in the following pages, with the exception of crosses, are 
from plants grown from seeds which were not protected by bags from pos- 
sible natural cross-pollination. 

A word of explanation is necessary regarding the methods employed in 

calculating the biometrical constants given in this paper. 
The probable errors of Mendelian ratios were calculated according to the 
formula + .6745 »/pX q X n, where n is the total number of individuals 
in the experiment, p is the percent of one member of the ratio, and g is the 
percent of the other member of that ratio. Thus, in a 3:1 ratio, p = 75 
percent (.75) and g = 25 percent (.25); and in a 15:1 ratio, p = 93.75 
percent (.9375) and g = 6.25 percent (.0625). The probable errors thus 
obtained were compared with the deviations of the actual numbers from 
those expected on the basis of the given ratio. 

For tests of goodness of fit in cases where the number of classes was more 
than two, use was made of the method suggested by Harris (1912). 


INHERITANCE OF COTYLEDON COLOR 


TERAO’S results 


TERAO (1918) described the types of cotyledon color, yellow and green, 
found in soy-beans. In his crosses, the cotyledon color of the hybrid prog- 
eny was the same as the female parent in every case, and there was no 
evidence of segregation in succeeding generations. This character was 
therefore stated to be maternal in inheritance. 

To explain these results TERAO suggested that there were two kinds of 
chlorophyll represented by the two cotyledon colors; one which always 
remains green, and the other which changes to yellow on the ripening of 
the beans. The former was designated as (G) and the latter as (Y). If 
the female parent possessed (G) or (Y), the hybrid progeny, down at least 
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to the F; generation,? would have green or yellow cotyledons, respectively. 
As the inheritance thus appeared to be strictly maternal, and the male 
parent consequently could bring neither (Y) nor (G) into the hybrid, no 
form could be produced having both types of chlorophyll, and the prob- 
able relationship of (Y) and (G) in inheritance could not, therefore, be 
determined. 

In the crossing experiments with soy-beans here reported cotyedon 
color was found to segregate regularly just as does seed-coat color or any 
other Mendelian character. 


Variety 8 X variety 9. Results of reciprocal crosses 


Crosses between varieties 8 and 9 were made reciprocally in the summer 
of 1916. Two hybrid seeds resulted from variety 9 (9) X variety 8 (c) 
and 8 from the reciprocal cross. All 10 beans had yellow cotyledons, thus 
indicating that, in this case at least, cotyledon color was not maternal 
in its inheritance. Rather it indicated that the same condition exists in 
soy-beans as in the garden pea; namely, that yellow cotyledon is dominant 
to green. 

The two hybrid plants resulting from variety 9 (9) X variety 8 (c) 
were given the progeny No. (471), and were numbered (471)-80 and 
(471)-81. They were grown in the field in the summer of 1917. The 8 
hybrid plants resulting from variety 8 (9) x variety 9 (co) were grown in 
the greenhouse in the early spring of 1917, and were given the progeny 
No. (399). These plants were small and branchless, and bore few seeds. 
They were not harvested separately as were the F;,’s of the reciprocal; 
hence the data are given as if from one plant only. 

Beans produced by these F; plants showed segregation in cotyledon color. 
The data are given in table 1. 

Plants B82a, (1235)-1, and 1234-1, data for which are included in 
table 1, were natural hybrids between varieties 8 and 9. These varieties 
were planted in 1918 in a plot by themselves and in such a way that the 
plants of one variety alternated in the row with those of the other. Such 
close planting gave opportunity for the branches of adjacent plants to 
intermingle and to be in contact, thus favoring natural crossing. Among 
the thousands of beans produced by plants of variety 9 (green cotyledons), 
5 were found with yellow cotyledons. These were obviously the result of 
crossing with variety 8. Three of these beans produced the hybrid plants 
mentioned above. 

The aberrant ratios given by plants (471)-80 and (471)-81 (see table 1) 
were possibly due to the fact that many of the beans were not well matured. 


2 TeRAO did not carry the investigation beyond the F; generation. 
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The fall of 1917 was very unfavorable for the proper ripening of the seeds. 
Rainfall was excessive, and there was very little sunshine during the whole 
ripening period. Moreover, frost killed the plants before many of the 
last-formed pods were fully developed, and, in consequence, the seeds con- 
tained in them dried up and retained the green color of the cotyledons 
shown by all soy-beans prior to the ripening period. 

The small number of beans produced by B82a and plants of (399) (see 
table 1) was due to their being grown in the greenhouse. B82a showed 
no segregation at all, but this is not surprising considering the small num- 
ber of seeds produced. That this plant did not breed true will be shown 
later when the F; generation is considered. 

















TABLE 1 
Cotyledon color in the F2 generation. Data from all crosses, both natural and artificial. 
NUMBER SEED OBSERVED WITH PROBABLE b 
* ev. 
PLANT NUMBER om ate a 9 “— rE ACTUAL RATIO 
cotyledon cotyledon 
(471)-80 115f 28t 19 1.95 9.75 4.1:1 
(471)-81 119 16 8 1.89 4.23 7.4:1 
(399) 21 1 0 0.78 — 21.0:1 
B82A 4 0 0 0.33 — — 
(1235)-1 51 7 29 1.24 23.39 7.3:1 
(1234)-1 153 7 3 2.06 1.46 22.0:1 
, ee 463 59 26 3.73 6.98 7.85:1 























* These deviations are figured on basis of a 15:1 ratio. 
} These are corrected figures. Original figures were 109 beans with yellow and 34 with green 
cotyledons. For explanation see text. 


The peculiar and wide ratios shown by (1234)-1 and (1235)-1 (table 1) 
may also be due to difficulties and errors in classification, as the fall of 
1919 was quite similar to that of 1917, there being excessive rainfall and 
little sunshine. Such errors in judging phenotypes can only be checked 
up by the breeding test, which for these plants has not yet been made. 

It must be admitted that the true nature of the inheritance of cotyledon 
color in the artificial crosses was not discerned from the F; ratios obtained 
in 1917. Nor, as will be seen later, did an F; generation grown in the same 
year aid at all in interpreting these ratios. It was not until data on prog- 
enies grown in 1918 (F; of one cross, F, of the other) were secured, that 
it was possible to see the true state of affairs. 

The importance of making back-crosses with the recessive type to sepa- 
rate phenotypically similar genotypes was fully appreciated, but crosses 
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in soy-beans are very difficult to make, and if a successful cross is made 
after many trials and failures, only one, two, three, or at most four seeds 
are obtained. For these reasons, such test matings were not attempted, 
and resort was had to growing progenies from different plants separately 
and in as large numbers as possible. 

In view of the above considerations, a large F; generation, particularly 
of one cross (variety 9, green 2 X variety 8, yellow <) was grown in order 
to determine the meaning of the peculiar F, ratios. The number of plants 
grown and their parentage are given in table 2. More seeds of each cross 
were planted but many failed to germinate. The seeds with green coty- 





TABLE 2 
Showing the number, parentage, etc., of F2 plants grown to produce the Fs generation in cotyledon 
color. 
NUMBER OF PLANTS 
GROWN FROM 
CROSS PARENT PROGENY YEAR 





— Yellow- Green- 
cotyledon | cotyledon 
seeds see 





Variety 8 (yellow) 9 
x (399) (470) 18 1 1917 
Variety 9 (green) 7 





Variety 9 (green) 


x (471)-80 | (801) | (60) 61*| (6) 5* 1918 





cal / 
Vesting 8 Een (471)-81| (803) | 56 3 1918 
Natural cross 
Variety 9 (green) ¢ B82a_—||_ (1233) 4 ma 1919 


x 
Variety 8 (yellow) # 




















* Corrected figures. For explanation see text. 


ledons were especially poor in this respect, only 9 plants being raised from 
32 seeds of this type planted, or 28 percent, as compared with a corre- 
sponding percentage of 83.0 for the yellow-cotyledon seeds. It was unfor- 
tunate that so few of the green-cotyledon plants could be tested by their 
progeny in this way, as such a test would have furnished a good check on 
the.color classification of the beans of each parent plant. 

The F;-generation results were interesting for several reasons. In the 
first place, all plants but one from seeds with green cotyledons bred true 
for green (table 11).* The exception was a plant which bred true for yel- 
low. The bean from which this plant was grown was produced by plant 


* Tables 11-53, inclusive, are given in the appendix. 
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(471)-80, in 1917, when, as previously stated, the conditions for properly 
maturing soy-beans were very poor. All the reliable data from breeding 
tests show that in soy-beans, green cotyledons are recessive to yellow. 
Hence, it is believed that the exception above mentioned was caused by an 
error in the classification, the cotyledons of the parent bean appearing 
green, but proving themselves to be yellow genetically. Had all the other 
green-cotyledon seeds of this plant been tested, and had this error been 
consistent throughout, as may be assumed, then approximately one-sixth, 
or 6, of the beans classed as having green cotyledons would have behaved 
in the breeding test as yellows, and therefore, may be added to the yellow 
class and subtracted from the green. If this is done, the figures are 115 
seeds with yellow and 28 with green cotyledons, or an actual ratio (F:) 
of 4.1:1. These are the corrected figures for this plant given in table 1. 









































TABLE 3 
Showing relative proportion of the three types of Fz yellow-cotyledon seed as indicated by the Fy 
generation. 
THEORETI- 
RATIOS IN SINGLE PROGENIES CAL NUM- 
TYPE OF F2 YELLOW TOTAL aa 
- e 7:4:4 
(470) | (801) | (803) | (1233) yo 
I as ditins <icnG sine. ¥'0is 0 des 60:5 050005 10 33 33 2 78 65 
IIE BIO 5 66-0005 6 owas esc ceneess 5 13 12 2 32 37 
Fs Ee ee eer 3 15 11 - 29 37 
y SAR ee te ee 18 61 56 4 139 139 
x? = 5.006 P = .080147 


* Data from natural cross. Parent was B82A (table 1). 


In the second place, the plants from F, yellow-cotyledon beans were 
of three types based on their breeding behavior; namely, a type breeding 
true for yellow, a type segregating in the approximate ratio of 3 yellow to 
1 green, and still another type segregating in the approximate ratio of 15 
yellow : 1 green, and there were about as many plants belonging to the first 
type as to both of the others. These results were such as one would expect 
on the theory of duplicate factors for cotyledon color. The full data from 
the cross and its reciprocal aré presented in detail in tables 12, 13, and 14, 

- but are summarized in table 3. 

The F; generation from the natural crosses (progeny 1233) consisted of 
only 4 plants, 2 of which bred true for yellow cotyledon and the other 2 
showed segregation in an approximate 15:1 ratio. Individual countson this 
progeny are given in table 15 (see appendix). These data conform closely 
to those secured from the artificial crosses. That no plants in this prog- 
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eny gave 3:1 ratios is believed to be due to the small number grown, and 
not to an irregularity in genetic behavior. 

Cotyledon color in the F, generation, data for which are given in tables 
16-34, was obtained only for the cross variety 8, yellow, 2 X variety 9, 
green, co’. Neither the reciprocal nor the natural crosses have as yet been 
carried beyond the F; generation. 

Of the nineteen F; plants of this cross grown, ten bred true for yellow 
cotyledon. Only two of these ten plants produced any green-cotyledon 
seeds at all (table 14); and in each of these plants, (470)-78 and (470)-79, 
three seeds were found whose cotyledons appeared green, though it was 
doubtful whether they could be so called. Unfortunately, they could not 
be tested out, but many seeds with yellow cotyledons were tested and all 
were found to breed true for yellow. Similarly, many seeds of the other 

TABLE 4 


Cotyledon color in the F, generation. Progeny of yellow-cotyledon beans from plants giving Fs ratio 
of 3 yellow: 1 green. 





| THEORETI- 
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eight plants were tested, and they also bred true for yellow cotyledon. 
Individual counts on these F; plants are given in tables 24-33, inclusive. 

Three F, plants, (470)-63, (470)-65, and (470)-72, as seen from table 14, 
gave approximate 3:1 ratios. Table 4 summarizes the results which are 
given in detail in tables 21, 22 and 23. 

Actual results obtained and expected results are thus shown to be in 
close agreement. 

Plants (470)-60, (470)-70, (470)-71, (470)-75 and (470)-77 gave very 
diverse and abnormal ratios (see table 14), but it is permissible to place 
them in the class segregating in a 15:1 ratio because of the progeny tests 
which are given in detail in tables 16-20. A summary of these results is 
given in table 5. 

The above progenies are comparable to those given in table 3, as they 
are produced from yellow-cotyledon seeds borne by plants giving 15:1 
ratios. Hence, the totals may be added together. When this is done, the 
grand totals are: 


\ 
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Bred true for yellow cotyledon... ..............ccececcececececes 115; expected, 101 
eI RUE ND a a o.n.5.6 0.4.5 \no wien bu ams em mame eene he 50; expected, 57 
NEUE oR TONE Sg os soshan cc as avck tech oneeabuaec eens 50; expected, 57 


Figure 1 presents these totals graphically. 

As might be expected, there was considerable variation in actual ratios 
among plants showing segregation into the two cotyledon colors. These 
ratios ranged from 1.73:1 to 24.0:1 but in general they grouped themselves 
about equally on either side of 3 and 15, respectively. With few excep- 
tions there was no trouble in placing a plant in the former or the latter 
class. There was one instance of overlapping of these two classes. Plant 
(470)-77 showed an actual ratio of 4.0:1, though the progeny test (table 17) 
proved it to belong to the 15:1 ratio class. This low ratio was slightly 

TABLE 5 


Cotyledon color in the F, generation. Progeny of yellow-cotyledon beans from plants giving Fs ratio 
of 15 yellow: 1 green. 





THEORETI- 



































Ae RE TEA ane (470)-60 | (470)-70 | (470)-71 | (470)-75.| (470)-77 Git wee 

nen | 

PROGENY NUMBERS............ (906) (920) (903) (912) (907) — 
eee z 11 9 4 6 37 36 
Segregated; 15:1....... + 3 2 6 3 18 20 
Segregated, 3:1........ 6 5 1 7 2 21 20 
Sh a a 17 19 | 12 17 11 76 76 

x? = .2778 P = .8906943 


exceeded by plants (920)-54 and (915)-98 which belong to the 3:1 group 
but both of which showed an actual ratio of 4.08:1. That these plants 
belonged to the 3:1 ratio class is more than probable, particularly plant 
(915)-98, as its parent was a 3:1-ratio plant and as it was one of a progeny 
showing only two types (table 23), namely, plants breeding true for yellow, 
and plants segregating in a 3:1 ratio. 

It is significant that the widest 15:1 ratios found were those given by 
plants grown in i9i7. For example, plant (470)-60 gave a ratio of 24 yel- 
low: 1 green; plant (470)-71, 5.3:1; plant (471)-80, 4.1:1, and plant (470)- 
77 (above mentioned), 4.0:1. In the case of the first plant, there were 
only 3 green-cotyledon seeds out of a total of 75, and it might be suspected 
that these were accidental mixtures and that the plant really bred true 
for yellow, were it not for the fact that the yellows, in the next generation, 
gave results (see table 16) which proved them to behave as the yellows of a 
15:1 ratio. Similarly with regard to the other plants mentioned above, 
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the actual ratio for each was “wide,” but on the other side of 15, being 
closer to a 3:1 than a 15:1; but, in the next generation, they gave results 
(tables 12, 17, 20) like those given by the yellows of plant (470)-60. 

The variation in actual ratio shown by segregating plants of the 15:1 class 
is represented by the frequency table (table 6). The frequency polygon 
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Ficure 1.—Graphic representation of actual ratios obtained, showing tendency to fall into 
three groups; namely, (a) those breeding true for yellow; (b) those segregating in 15:1 ratio, 
and (c) those segregating in 3:1 ratio. Based on tables 3 and 5 combined. 
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shown in figure 2 is based on the data given in this table. About two-thirds 
of the total number of plants are included in the three classes, the mid-values 
of which are the ratios 13:1, 15:1, and 17:1. 

The actual ratios for the 3:1 class of segregating plants were much less 
variable than those for the 15:1.class. The range was from 1.73:1 to 
4.08:1. The lowest ratio (1.73:1) was given by plant (470)-65, also grown 
in 1917. That this is only an aberrant 3:1 ratio is proved by progeny 
which the seeds with yellow cotyledons produced (table 22). Plants giving 
the highest ratio, 4.08:1, have been discussed above. 

To show the variation of segregating plants (3:1 class) with respect to 
actual ratio, the following frequency table (table 7) has been prepared. 


TABLE 6 


Frequency distribution of segregating plants (15:1 class) with respect to actual ratio of yellow-to green- 
cotyledon seeds. 

















CLASS RANGE MID-VALUE OF CLASS quails an sessed PERCENT OF TOTAL 
2.1:1to 4.0:1 bs | 1 1.818 
4.1:1to 6.0:1 S:i 2 3.637 
6.1:1to 8.0:1 ri | 3 5.454 
8.1:1 to 10.0:1 9:1 1 1.818 
10.1:1 to 12.0:1 11:1 4 7.273 
12.1:1 to 14.0:1 13:1 14 25.455 
14.1:1 to 16.0:1 15:1 9 16.364 
16.1:1 to 18.0:1 17:1 10 18.180 
18.1:1 to 20.0:1 19:1 2 3.637 
20.1:1 to 22.0:1 21:1 7 12.727 
22.1:1 to 24.0:1 23:1 2 3.637 
MS sts Secor tic fawlandaccesi sive deaceceenet 55 100.000 








Fully two-thirds of the total number of plants are contained in the three 
classes the mid-values of which are the ratios 2.75:1, 3.0:1, and 3.25:1. 
The frequency polygon shown in figure 3 is based on data given in 
this table. 

The F, generation brought out two other instances of error in classi- 
fication. In the first case, plant (470)-77, (see table 14), was noted as 
having produced 18 yellow- and 12 green-cotyledon beans. The progeny 
of this plant consisted of 12 plants, 10 of which were from seeds with yellow 
cotyledons, and 2 from seeds supposedly with green cotyledons. One 
of these 2 plants (907)-74, (table 17), segregated in cotyledon color, thus 
proving that the cotyledons of the parent seed were genetically yellow, 
though they appeared green. If, as may be assumed, one-half of the seeds 
of (470)-77 classed as having green cotyledons are considered as really 
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Ficure 2.—Frequency polygon showing variation of segregating plants (15:1 class) with 
respect to actual ratio of yellow- to green-cotyledon beans. 


TABLE 7 


Frequency distribution of segregating plants (3:1 class) showing variation in actual ratio of yellow- 
to green-cotyledon seeds. 














CLASS RANGE MID-VALUE OF CLASS Queumane on suaama) PERCENT OF TOTAL 
1.63:1 to 1.87:1 1.75:1 1 1.351 
1.88:1 to 2.12:1 2.00:1 0 _ 
2.13:1 to 2.37:1 2.25:1 P 2.703 
2.38:1 to 2.62:1 2.50:1 8 10.811 
2.63:1 to 2.87:1 2.75:1 13 17.568 
2.88:1 to 3.12:1 3.00:1 i9 25.675 
3.13:1 to 3.37:1 3.25:1 22 29.730 
3.38:1 to 3.62:1 3.50:1 5 6.756 
3.63:1 to 3.87:1 3.75:1 2 2.703 
3.88:1 to 4.12:1 4.00:1 2 2.703 

MNEs 55:50 SRE es vb he eacdeleceebevemrneakees 74 100.000 
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genetically yellows, then the figures would be 24 yellow and 6 green instead 
of 18 and 12, respectively. 

Similarly, plant (470)-65 was noted as having produced 20 seeds with 
yellow and 22 with green cotyledons. The progeny of this plant con- 
sisted of 15 plants, 7 of which were from seeds with yellow cotyledons and 
8 from seeds supposedly with green cotyledons. One of these 8 plants 
(909)-150, (table 22), segregated, however, instead of breeding true for 
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FicurRE 3.—Frequency polygon showing variation of segregating plants (3:1 class) in actual 
ratio of yellow- to green-cotyledon seeds. 


green, thus proving the cotyledons of the parent seed to have been yellow, 
genetically. A re-examination of the seeds not planted showed there were 
12 seeds with yellow and 7 with green cotyledons. These added to the 
number tested and the number which were planted but failed to germinate, 
gives a total of 25 yellow- and 16 green-cotyledon seeds. If it be assumed 
that one of the 7 green-cotyledon seeds not planted should, on being tested, 
prove to behave genetically as a yellow, then the final figures would be 26 
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yellow and 15 green, the “corrected” figures for this plant given in table 
14. One seed of unknown cotyledon color was lost; hence the total num- 
ber is one less than as originally given. 

In figure 4 a diagrammatic representation is given of the inheritance of 
cotyledon color in the cross variety 9 9 (green cotyledons) X variety 8 7 
(yellow cotyledons). F igure_ 5 is a similar diagram for the reciprocal 
of this cross. A comparison of these two diagrams shews at a glance 
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FicurE 4.—Diagrammatic representation of inheritance of cotyledon color in cross variety 
9 9 (green) X variety 8 o (yellow). 


that the mode of inheritance of cotyledon color is the same irrespective of 
which variety is used as the female parent. 


Unexpected beans 


Reference to tables 11, 13, 14, 17, 20, 22, 23, 24, 26, 29, 30, 33, and 34 
shows that in plants classed as breeding true for yellow or green cotyle- 
dons a few beans with the unexpected cotyledon color were found. The 
question arises as to how these may be accounted for. 

In number, they are few compared with the total number of “expected” 
beans. All plants classed as breeding true for yellow or green cotyledon 
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produced a total of 123,624 beans. Of these, 110, or one bean in 1123, 
had the unexpected cotyledon color,—57 yellow and 53 green. 

Of the 347 plants here considered, 298, or 86 percent, produced yellow- 
or green-cotyledon seeds exclusively. In each of 19 plants, or 5 percent 
of the total, 1 bean was found with the unexpected cotyledon color; in 
15 plants, 2 such beans; in 9 plants, 3; in 1 plant, 4; in 4 plants, 5; and in 
1 plant, 10. 
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The occurrence of yellow-cotyledon beans in plants classed as breeding 
true for green will be considered first. There are at least three ways in 
which these may be accounted for: (1) crossing; (2) mutation; and (3) 
seed mixture. The first is the most probable since (a) yellow is dominant, 
(b) cotyledon color is a seed character, permitting the effect of the cross to 
become apparent the same season it is made, and (c) it has already been 
shown (page 490) that crosses do occur occasionally. The occurrence of a 
dominant mutation, as from green to yellow cotyledon, js a possibility. 
As to (3), it is very probable that some of these unexpected beans are seed 
mixtures. It would not be surprising if, in harvesting and threshing so 
many plants and in cleaning such a large number of seed, a few mixtures 
should occur in spite of the greatest pains taken to prevent it. Seed mix- 
tures are easily and quickly detected if other seed characters, such as 
seed-coat color, are also different, but where there are no differences except 
in color of cotyledon, one cannot be certain whether the unexpected seeds 
are really mixtures or whether they may not as likely be accounted for 
by crossing or by mutation. Furthermore, the breeding test would 
seldom aid in settling this question. Heterozygosity would not serve as 
a criterion since yellow-cotyledon seeds resulting from crossing or from 
mutation would probably be heterozygous, as would also the majority of 
mixed yellow-cotyledon seeds from segregating plants. 

Of the 53 green-cotyledon seeds found on plants classed as being homozy- 
gous for yellow, 18 were small, shrivelled and immature, and the cotyle- 
dons appeared green even though genetically they may have been yellow. 
In such immature seeds it appears that that stage of ripening is never 
reached where the green pigment fades out, and so the yellow always re- 
mains hidden. If, however, these 18 beans be disregarded because of their 
immaturity and the consequent doubt as to the color of their cotyledons, 
there will still remain 35 unexpected seeds to be accounted for. 

It is clear that certain considerations involved in the occurrence of un- 
expected yellow-cotyledon beans do not apply to the unexpected greens. 
Thus, cross-pollination with the green-cotyledon type would not account 
for them since yellow is dominant. Nor would ‘“‘loss” mutations give 
rise to green-cotyledon seeds unless they occurred in both gametes at once, 
which, while not impossible, is at least extremely unlikely. 

It is believed that, occasionally, genetically yellow-cotyledon beans 
fail to turn yellow on ripening, but always remain green, though showing a 
fair degree of maturity in other ways. Such beans may be due to an un- 
favorable environment for bringing out the proper cotyledon color. The 
location on the parent plant is of prime importance in this connection. 
Seeds borne on the lower branches often do not have sufficient sunlight 
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and air; they may even be lying on the ground and often be almost com- 
pletely covered with soil, and of course they cannot ripen properly. This 
belief is supported by two or three instances (cited earlier in this paper) 
of beans, classed as having green cotyledons, breeding like genetic yellows. 

Of course, such unexpected seeds cannot be discerned in plants segre- 
gating for cotyledon color; they affect the ratios, but so slightly as to be 
of no significance. As indicated above, in every 1123 beans there was 
1 bean with the unexpected cotyledon color. The average number of beans 
per plant for the plants classed as being homozygous for green or yellow 
cotyledon was 356. On the average, then, in every 3 plants examined, 
1 unexpected bean would be found. If these figures be assumed to apply 
to segregating plants as well, it is clear that in two-thirds of the plants, 
the ratio would not be affected at all, and in one-third, it would be 
affected too slightly to be significant. 

It appears likely then that a considerable number of the beans with 
unexpected cotyledon color are the result of cross-pollination. The rest 
are due to such factors as unfavorable weather conditions, mutations, and 
mechanical mixtures. In numbers they are very small in proportion to 
the total number of beans counted (upwards of a hundred thousand); and 
therefore, it is felt that they do not affect the validity of the results. 


A soy-bean chimera 


During the course of these studies, a single bean was found having one 
yellow and one green cotyledon. The color of each cotyledon was quite 
normal and distinct, making a striking contrast. A view of the back of the 
bean opposite the hilum showed a distinct line of demarcation. The seed 
coat being green and slightly transparent, the difference in color of the 
cotyledons produced a chromium green effect on one side and a yellowish 
green on the other. 

This bean was borne by plant (909)-160, which produced, in addition, 
272 beans with yellow and 91 beans with green cotyledons. The parent 
plant was, therefore, heterozygous for one factor only. 

The plant grown the following year from the chimera proved to be hetero- 
zygous, bearing 85 seeds with yellow and 23 seeds with green cotyledons. 
These two types were distributed over the plant according to chance, 
just as on any normal segregating plant; hence, the embryo proper of the 
bean was not affected genetically by whatever caused the abnormal con- 
, dition of the cotyledons. 

The most plausible explanation appears to be that a somatic mutation 
occurred at a very early stage in the development of the embryo. As all 
the cells were heterozygous for but one of the factors for cotyledon color, 
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such a mutation would involve a change in only one factor, and would 
therefore be within the limits of probability. Many other cases of somatic 
mutation are known, particularly in corn (Cotiins 1919). 


Interpretation of inheritance of cotyledon color 


BuNYARD (see DARBISHIRE 1911, page 131) has shown that the cotyle- 
dons of both yellow- and green-cotyledon varieties of the garden pea (Pi- 
sum sativum) have both yellow and green pigments while the seeds are 
still immature. As the peas ripen, the green pigment fades out in yellow 
varieties, but persists in green varieties. Yellow-cotyledon varieties, 
therefore, are first green, later turning yellow, and they differ from the 
greens only in having a factor which causes the green pigment to fade out 
as the beans mature. 

It is probable that in the soy-bean the same situation exists in regard 
to the green and yellow pigments in the cotyledons. This is indicated by 
the fact that in immature beans the cotyledons are green irrespective of 
the variety. Furthermore, on exposing mature beans with green cotyle- 
dons to the light for a time, the green color gradually fades out, and the 
cotyledons become yellow, thus proving that both pigments were orig- 
inally present, at least potentially. It is probable, therefore, that, as the 
beans ripen, the green pigment disappears in yellow-cotyledon varieties, 
but remains in varieties with green cotyledons; and that, as in peas, the 
yellow-cotyledon varieties differ from the greens only in having a factor 
which causes the green pigment to fade out at the time of maturity. 

In the garden pea WuiTE (1916) has assumed that three factors are 
concerned with the production of cotyledon color; namely, Y, G, and I. 
Y and G are factors for yellow and green pigments, respectively, both being 
present in all but one of the varieties with which he experimented; and I 
is a factor causing the green pigment to disappear at maturity, present only 
in yellow-cotyledon varieties. Thus, the two cotyledon colors in peas 
ordinarily differ by a single factor, 7, and in crosses the yellow proves 
dominant, the ratio of 3 yellow to 1 green being obtained in Fy». 

WuitE found one yellow-cotyledon variety, “Goldkénig,” which evi- 
dently lacked both factors G and J; for in crosses with green-cotyledon 
varieties, green was dominant, and an F, ratio of 3 green to 1 yellow was 
obtained; while in crosses with other varieties with yellow cotyledons, 
the F; ratio of 13 yellow to 3 green was obtained. 

Inasmuch as the relation between the two cotyledon colors in soy-beans 
is probably the same as that in peas, the same factors may be used. So 
far as known, however, Y and G are present in all varieties of soy-beans; 
no recessive yellow has been found such as WHITE reports in the Goldkénig 
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pea, though numerous crosses have been made between different yellow- 
cotyledon varieties. On the contrary, in the cross and its reciprocal re- 
ported in this paper, green is recessive to yellow, as also is the case in the 
Auburn, brief mention of which has been made earlier in this paper, and 
which will be discussed more fully later. All the data available therefore, 
have shown that yellow cotyledon in soy-beans is dominant to green. 
With regard, however, to factors, such as J, that cause the green pig- 
ment to disappear at maturity, varieties of soy-beans with yellow cotyle- 
dons differ among themselves, as shown vy the data which have been pre- 
sented. Some, perhaps most varieties, as for example, Auburn, possess 
only one factor of this nature, while others typified by variety 8, possess 
two such factors. These are duplicates of each other and produce the same 
effect, as far as cotyledon color is concerned, whether one or both are present. 
If D be used to symbolize the factor which is the duplicate of J, then 
the factorial composition of variety 8 (yellow cotyledons) is YYGGJIDD, 
and of variety 9 (green cotyledons), YYGGiidd. The hybrid between 
these two varieties would therefore be YYGGIiDd. The factorial com- 
position of the F, generation and their breeding behavior in F; are as follows: 
F: ratio Genotypes Types and proportions in Fs 
((1) YYGGIIDD 1 
(2) Y¥YGGIIDd 2 
(3) Y¥GGUDD 2;>—7 Breed true for yellow cotyledon 
(4) YY¥GGiiDD 1 
(5) YYGGIIdd 


(6) Y¥YGGIiDd 


15 yellow 1 
4 
(7) YYGGlidd 2 
2 
1 


Segregate in 15:1 ratio 





—4 
(8) YYGGiiDd —4 Segregate in 3:1 ratio 


1green (9) YYGGiidd —1 Breeds true for green cotyledon 


Lines segregating in a 3:1 ratio carry only one of these factors, J or D. 
Whether one or the other is present in a particular line may be determined 
by making crosses between it and other lines also giving this simple ratio. 
If, as a result of such crosses, types are obtained which breed true or which 
again segregate in a 3:1 ratio, the same factor is present in both lines; but 
if segregation occurs in a 15:1 ratio, different factors are present in the two 
lines, and D can be arbitrarily assigned to one line and J to the other. These 
lines can then be used in crosses with other yellow-cotyledon varieties to 
determine whether, in the latter, J or D, or even a different factor is re- 
sponsible for the yellow cotyledon color. 

Another methed of determining which factor is carried by a particular 
line is by means of linkage which exists between one of the factors for 
yellow cotyledon and the factor, V, for green seed coat. This will be con- 
sidered more in detail in a succeeding section. 


Genetics 6: N 1921 














506 C. M. WOODWORTH 


As far as could be determined dominance was complete in the case of 
both J and D. Furthermore, one factor appears not only as efficient as the 
other in causing the green pigment to fade on maturity, but either one 
appears to be as efficient as both together in bringing about this change. 
Hence, factors, D and J are considered to be real duplicates of each other, 
like SHutt’s C and D for obcordate seed capsules in Bursa. 


Duplicate factors in other plants 7 


Duplicate factors have been reported by Nitsson-EHLE (1908)for red 
grains in wheat and (1909) for the presence of a ligule in oats; for endosperm 
color in corn by East (1910), East and Haves (1911), and Burtr-Davy 
(1914); for capsule form, leaf lobes and leaf texture in Bursa bursa-pas- 
toris by SHULL (1914, 1918, 1920); and for variegation in Plantago major by 
IxENo (1917). In respect to grain color in wheat and endosperm color in 
corn there is an apparent lack of dominance and a cumulative effect re- 
sulting in a greater intensity of color when either factor is homozygous or 
when both are present in the same zygote. In the other cases men- 
tioned above, dominance is apparently complete, and the several geno- 
types in F; cannot be distinguished except by the progeny test. The 
factors in all these cases, however, show independence in inheritance (i.e., 
no linkage). 

Auburn variety 


It will be recalled that both cotyledon colors were found in a bulk sample 
of Auburn, a black-seeded variety. 

In 1915, a number of plants were grown from both green- and yellow- 
cotyledon seeds as found in the original sample, but no detailed records 
were made concerning cotyledon color. Only one plant (115)-184, grown 
from a seed with yellow cotyledons, was harvested. Of 628 seeds produced 
by this plant, 480 had yellow and 148 had green cotyledons. This pro- 
portion suggests a 3:1 ratio of yellow to green. On the basis of such a 
ratio the expected numbers would be 471 and 157, respectively. 

The following year, 52 plants were grown from the yellow-cotyledon 
beans and 17 from the green, and counts were made on 50 and 17 plants, 
respectively. Tables 35 and 36 give the data for each plant. 

Of the 50 plants from yellow-cotyledon seeds (see table 36), 38 proved to 
be heterozygous, and 12 bred true for yellow. On the basis of a 2:1 ratio 
these numbers should be 33 and 17, respectively. 

In 1917, fifteen plants were grown from yellow-cotyledon seeds of plant 
(211)-390. All but one of these proved to be heterozygous. The ratio, 
therefore, of heterozygous to homozygous plants was 14:1. No reason is 
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apparent for such a wide divergence from expectation. It may be only a 
chance deviation, but it may be significant, especially as it falls in line with 
the case above given in which the homozygous plants were also deficient. 
There were also five plants grown from green-cotyledon seeds of (211)- 
390, and they all bred true for green. 

As green is recessive all beans with this cotyledon color should breed 
true. It will be noted from table 35 that in addition to the green some 
yellow-cotyledon seeds were found in each plant, and that they ranged in 
number from 3 in plant (210)-310 to 27 in plant (210)-308. In a total of 
12,085 beans produced by all plants from green-cotyledon seeds, 11,893 had 
green cotyledons, and 192, yellow, or a ratio of 62:1. 

Among the 12 plants (table 36) classed as breeding true for yellow coty- 
ledons only 4 unexpected seeds were found out of 9864 seeds produced. 
This is a ratio of 1 to 2466. The disparity in the ratios given by the two 
types of plants is very striking. 

In a preceding section, a discussion was given of ways in which the oc- 
currence of such unexpected beans may be accounted for. Pointsthere 
brought out apply equally well here. Cross-pollination, for example, 
would account for many of the yellow-cotyledon seeds found in plants 
otherwise breeding true for green. Direct proof that natural crossing did 
occur is at hand. Plant (210)-330 (see table 35), is noted as having 14 
seeds with yellow cotyledons and 987 with green. In 1917, twelve plants 
were grown from the green-cotyledon seeds, and all bred true. From the 
seeds with yellow cotyledons seven plants were grown, one of which bore 
seeds with the black seed coat characteristic of the Auburn variety, while 
the seeds borne by the other six plants had a mottled black and yellow 
seed coat. All but one of these seven plants showed segregation incotyle- 
don color in an approximate 15:1 ratio (see table 37), and that plant pro- 
duced only 23 seeds, most of which were small and immature. Probably 
all had yellow cotyledons, though this could not be determined with cer- 
tainty. Plant (210)-330 was growing in the row in close proximity toplant 
(211)-332 which segregated in a 3:1 ratio in cotyledon color; and in the 
rows on either side of (210)-330 were types with yellow seed coats, yellow 
cotyledons, brown hilums and gray pubescence. It is more than probable 
that the results shown in table 37 can be explained by natural crosses 
with these adjacent types. 

Plant (469)-54 was tested further, and the resulting progeny showed 
segregation in several plant characters, such as color of seed coat, pubes- 
cence and hilum, while with respect to cotyledon color, three types were 
produced in approximately the expected proportions; namely, a type 
breeding true for yellow, a type segregating in a 3:1 ratio, and a type seg- 
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regating in a 15:1 ratio. Among the segregates, moreover, a plant was 
occasionally found with the self-black seed coat typical of the Auburn 
variety. It is fairly certain, therefore, that most of the original beans 
with yellow cotyledons, at first supposed to be mixtures, were the result 
of crosses with a yellow-cotyledon variety having two factors for cotyle- 
don color. 

Plant (469)-53 with its self-black seed coat cannot be explained in this 
way. If it is the result of a cross with a yellow-coated variety, the seed 
coat would likely be mottled instead of self-black. The ratio of yellow 
to green cotyledons shown by this plant is also peculiar; the deviation on a 
15:1 basis being nearly 6 times the probable error. It may represent only 
a 3:1 ratio, and hence be simply the result of a cross with plant (211)-332, 
or a mixture from a segregating plant of this variety. Further speculation, 
however, is out of place till this plant has been tested. 

A number of see's of plant (211)-340 (see table 36) were also tested to 
compare the progenies of certain apparently ‘intermediate’’-cotyledon- 
colored seeds with those whose cotyledons were a full rich yellow. From 
the latter type of seeds, 12 plants were grown, all of which bred true for 
yellow cotyledon. One of these, however, showed the same peculiar seed- 
coat color as was described above, indicating that the original bean was 
the result of a cross. From the intermediate seeds, 39 plants were grown, 
37 of which bred true for yellow, one segregated in a ratio of 3 yellow: 
1 green, and one bred true for green. A mechanical mixture was probably 
responsible for the last-named plant, while natural crossing would account 
for the one which segregated, particularly as plant (211)-340 grew in the 
row adjacent to and in contact with a plant, (211)-338, which segregated 
in cotyledon color. 

In view of the above evidences for the occurrence of natural hybrids in 
the Auburn variety, it is believed that natural crossing will account for a 
considerable number of the unexpected beans. A mutative change from 
green to yellow might also account for some. There are a few beans, it is 
true, whose occurrence can only be explained, perhaps, by stating that they 
are the result of mechanical mixtures; but they are thought to be much less 
numerous than the hybrid beans, and: therefore, that they are too few in 
number to cast any doubt on the ratios herein reported or the conclusions 
drawn therefrom. 

The three green-cotyledon seeds found among plants otherwise breeding 
true for yellow are very probably not the result of cross-pollination or of 
mutation. They may be genetic yellows in which the green pigment has 
not faded out for some reason or other; or they may simply be mixtures 
from some other plant. The latter is the more probable. If these are 
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considered to be mixtures, then it would be expected that as many more 
beans with yellow cotyledons should be classed as such. This would mean 
that 1 in 1233 beans was a mixture, not far from the proportion which 
was found in plants breeding true for yellow in progenies of the cross 
variety 8 X variety 9, discussed earlier in this paper. 

There is no reason to believe that the proportion of mixed seeds is any 
greater in the plants breeding true for green. Hence, only a few of the 
192 unexpected seeds found in these plants can be accounted for in this 
way. The evidence points to the conclusion that nearly all of them are 
the result of cross-pollination, which, for some reason not yet evident, 
appears to occur much more frequently in the Auburn variety than in 
varieties 8 and 9. 

The data presented above show that the inheritance of cotyledon color 
in the Auburn variety can be explained by a simple allelomorphic relation- 
ship between the two cotyledon colors. Whether J or D is the factor re- 
sponsible for yellow cotyledon in this variety is not yet known; but if it 
be J, then the yellow types have the composition YYGGIJ or YYGGIi, 
and the greens, Y YGGii; but if it be D, then this factor should be substi- 
tuted for J in the above formulae. Which factor is involved may be deter- 
mined by following the same procedure as outlined for this purpose in 
types arising from the cross variety 8 X variety 9. 


INHERITANCE OF GREEN AND YELLOW SEED-COAT COLORS 


TERAO’S results 


TERAO (1918) has already shown that green and yellow seed coats in 
soy-beans behave as a single allelomorphic pair, green being dominant to 
yellow and both types recurring in F, in a simple 3:1 ratio. This he found 
to be true no matter which way the cross was made when the female parent 
had yellow cotyledons, but when the cotyledons and seed coats of the fe- 
male parent were green, there was no segregation at all, the F,’s and F,’s 
breeding true to the characters of the female parent. 

These peculiar inheritance phenomena were interpreted as follows: The 
two kinds of chlorophyll, “(Y)” and “(G)” are present in the seed coats as 
well as in the cotyledons. In the inheritance of the seed coats, however, 
there is a pair of Mendelian factors (Hh) concerned. 

“The factor ‘H’ inhibits the chlorophyll ‘(Y)’ in the seed-coat of the beans 
with yellow cotyledons from changing to yellow, producing beans with yellow 
cotyledons and green seed-coat; the absence of the factor ‘H’, expressed by ‘h’ 
allows the seed-coat of the bean with yellow cotyledons to remain yellow. The 
seed-coat of the bean with green cotyledons remains green no matter whether the 


factor ‘H’ is present or absent, because the beans of this kind have the chlorophyll 
‘(G)’ which is incapable of changing the color.” 
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However, in the F: of the cross green cotyledons, green seed coat 9 X 
yellow cotyledons, yellow seed coat <, two types were observed, namely, 
a dark green, and a light green seed coat; and these occurred in a 3:1 
ratio. But no plants were produced with yellow seed coats. 


Variety 8 X variety 9 


The cross variety 9 (green coat) X variety 8 (yellow cgat) gave results 
which in part seemed to confirm those of Terao. But seeds produced by 
F, plants had green seed coats irrespective of the way the cross was made, 
and without regard, also, to whether the cotyledon color of the female 
parent was green or yellow. The F, generation consisted of both types 
in an approximate ratio of 3 green to 1 yellow (see table 38). 

F, plants with yellow seed coats bred true for this character, as shown 
by three progenies totaling 58 plants. Of 16 progenies from F, plants 
with green seed coats, 5 bred true for green and 11 segregated again, giving 
approximately 3 green to 1 yellow. The data for each progeny are given 
in table 39. 

If the F; progenies and those of the F; which show segregation are 
added together, the total is 236 green to 87 yellow, a deviation of 6 from 
expectation. 

From the data above presented it appears clear that green and yellow 
seed coats in soy-beans behave in inheritance as if determined by a single 
pair of factors (V, v).4 


RELATION BETWEEN COTYLEDON AND SEED-COAT COLORS 


When seed-coat and cotyledon colors are considered together, it is ob- 
vious that the two characters are not absolutely independent of each other 
in inheritance. TERAO (1918) observed this fact, stating that “beans 
with green cotyledons have always green seed coats.” The present author 
has not observed any variety with green cotyledons beneath yellow coats, 
and Preer and Morse (1910) in their descriptions of nearly 300 varieties, 
mention no such type. Many varieties exist with black seed coats and 
green cotyledons and a, type with green cotyledons and brown coats has 
recently been isolated in connection with the present investigation. This 
type also does not seem to occur among established varieties. 

Among hybrids of the cross between varieties 8 and 9, a few plants have 
appeared bearing seeds with green cotyledons and yellow seed coats. When 
plants of this type appear, they breed true because recessive for both 
characters. 


4“V” for virescent. 


\ 
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It is well to repeat here that variety 8 had yellow cotyledons beneath 
yellow seed coats, and variety 9 had green cotyledons beneath green seed 
coats. Hence one parent brought into the hybrid one dominant char- 
acter, and the other parent, the other dominant character. It may not 
be out of place, also, to mention the well-known fact that the cotyledon 
color appears a generation ahead of a plant character, such as seed-coat 
color. In the above cross and its reciprocal, then, the hybrid seeds ob- 
tained showed the dominant cotyledon color, yellow, but the coat color 
of these seeds was yellow or green depending on which parent bore them. 

Seeds produced by F;, plants had green coats, the dominant color, but 
they were in the proportion of 15 yellow to 1 green, in respect to cotyledon, 
as pointed out earlier in this paper. From the yellow-cotyledon seeds 


TABLE 8 


Relation of cotyledon color and seed-coat color in inheritance. Observed and corrected figures com- 
pared with expected on basis of independence. 





























COTYLEDON COLOR COAT COLOR Peace OBSERVED CORRECTED CALCULATED 
15 yell 3 green 45 147 150 160 
PMNs cakweccsowe t edlew 15 63 64 53 
1 3 green 3 18 14 11 
RING si Sesence Sass t yellow 1 0 0 4 
Ae Sata eer one tae wad ax ns welch ards cus eeeuan 228 228 228 
x? = 7.726 P = .053104 


210 plants were grown, and from the green-cotyledon seeds, 18.5 Table 8 
shows how these plants were distributed among the various classes, and 
how this distribution compares with that expected on the basis of inde- 
pendence of the characters in inheritance. 

A correction is made of the observed figures in table 8 for the reason 
that cotyledon color segregates on the F, plants, and in planting for the 
F, generation, no attempt was made to grow just one-fifteenth as many 
plants from green- as from yellow-cotyledon beans. Furthermore, if this 
had been done, the failure of some seeds to germinate would have resulted 
perhaps in wide departures from the theoretical ratio,—deviation for which 
segregation and recombination of genetic factors would not have been 
responsible. The use of such corrected figures is justified, as LINDSTROM 
(1917) has pointed out, provided (1) that the ratio to which the correction 
is made has been proved, and (2) that the actual proportions shown by 


5 Included in these figures are F; and F; plants of like parentage. The individual progenies 
on which these totals are based are given in table 40. 
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the observed figures for the other segregating character are maintained 
in the corrected figures. 

The low value of P (table 8), calculated from deviations of the corrected 
from the expected numbers, points to a strong probability that the devia- 
tions were not due to random sampling. Some factor besides chance, 
therefore, was evidently involved in producing these results. In this 
connection two points appear significant; (1) not a single plant from green- 
cotyledon seeds bore yellow-coated seeds, though 4 such plants in 18 were 
expected; and (2) of the plants from yellow-cotyledon seeds, those bear- 
ing yellow-coated beans were in excess and those bearing green-coated 
seeds were deficient. 

These facts become significant when it is remembered that the two types 
in excess, (a) yellow cotyledon, yellow seed coat, (b) green cotyledons, 
green seed coat, were the two parental types; and it appeared that a 
possible explanation for these results is that of linkage between one of 
the factors for cotyledon color, as D, and the factor, V, for green seed- 
coat color. 

As stated earlier in this paper, D and J, the factors for yellow cotyledon 
color, give every evidence of being absolutely independent in inheritance. 
If so, then they are located on different pairs of chromosomes; and if V 
is linked, say, with D, it is independent of J; or if linked with J, it is inde- 
pendent of D. Obviously, so far as the results are concerned, it makes 
no difference whether V is linked with one or the other cotyledon factor. 
The linkage is considered arbitrarily, therefore, to exist between V 
and D. 

The first question which naturally arises is whether the linkage is com- 
plete or only partial. If it be assumed for the moment that the linkage 
is complete, then the expected numbers for the types given in table 8 would 
be 157, 57, 14, and 0 as compared with the corrected numbers 150, 64, 
14, and 0, respectively. In this particular case, then x? = 1.172, and P = 
.565483. Obviously, this is the closest fit that can be obtained for these 
data; for, any amount of partial linkage that might be assumed would 
bring the results nearer those calculated for the independent inheritance 
of V and D. Complete linkage, therefore, appears to give a satisfactory 
explanation as far as these data are concerned. 7 

It has been shown earlier in this paper that the F, seeds were of three 
types as indicated by the F; generation in cotyledon color; namely, (1) 
those which bred true for yellow cotyledon; (2) those which segregated in 
a 15:1 ratio; and (3) those which segregated in a 3:1 ratio; and further, 
that these types appeared in the proportions of 7:4:4, respectively. If 
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the cotyledon and seed-coat colors are independent in inheritance, each 
of these three types of F2, yellow-cotyledon seeds should produce plants 
that show the coat colors in the ratio of 3 green to 1 yellow. In table 9, 
below, are shown the types and their expected proportions together with 
the actual data obtained.® 

With the exception of the two types which segregated in cotyledon color, 
and which had green coats, there is obviously a wide divergence between 
observed and expected numbers. The deviations are so large that P 
has no value at all to 5 decimal places, and hence the data strongly sup- 


TABLE 9 


Relation of cotyledon color and seed-coat color in inheritance. Observed figures compared with 
expected on basis of independence. 
































COTYLEDON COLOR SEED-COAT COLOR onanenecnins OBSERVED EXPECTED 
3 green 21 57 73.5 
7 Bred true for yellow 1 yellow 7 55 24.5 
: 3 green 12 45 42.0 
4 Segregated 15:1 1 yellow 4 3 14.0 
; 3 green 12 45 42.0 
4 Segregated 3:1 1 yellow 4 5 14.0 
, | CRA DERE EN nner 60 210 210.0 
x? = 56.521 P = .00000 


port the idea of a linkage relation existing between the two characters 
concerned. 

On the assumption of complete linkage between V and D, no F; plants 
could occur which segregated in cotyledon color and had yellow seed coats. 
However, there were 8 such plants as shown in table 9, 3 segregat- 
ing in a 15:1 ratio and 5 in a 3:1 ratio. Hence, the linkage cannot be 
complete. 

It is next in order, therefore, to test out the theory of partial linkage. 
No direct way of doing this for these data was available. Tables were at 
hand (BATESON and PuNNETT 1911, CasTLE 1916) giving expected pro- 
portions of zygotic types in F, for any assumed linkage values in cases 
where only 2 factor pairs were involved; but these tables obviously could 
not be used for cases involving 3 factor pairs, 2 of which were duplicate. 


6 Individual progenies which furnish these data are given in table 40. 
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Hence, for such special cases the following formula’? was developed from 
Emerson’s (1916) general formula: 





a b c d 
12? + 11 (s+ 27s) 24 (427s) +3: +2 95:7 (1) 

where 

type a = yellow cotyledon, green seed coat, 

type b = yellow cotyledon, yellow seed coat, 

type c = green cotyledon, green seed coat, 

type d = green cotyledon, yellow seed coat, 
and 


r : s = any assumed gametic ratio. 
The following formulae for r and s in terms of types a, b, c, and d, were 
deduced from the above general formula: 


r= .23Va+b+d+ 15c (2) 
s=.23VJ7atbt+c+d-r (3) 


The values of r and s having thus been found, the percentage of crossing 
over was calculated by the following formula: 





~ F X 100 = percent crossing over, repulsion phase. (4) 
The application of formulae 2 and 3 to the corrected figures in table 8 
gives the value .5 for r and 3.275 for s; in other words, in approximately 
every 8 gametes formed, 1 is a crossover. Applying formula 4, the per- 
centage of crossing over is found to be 13.25. If, however, the exact cor- 
rected figures, 149.625, 64.125, 14.25 and 0 be used in these calculations 
instead of the whole numbers, 150, 64, 14 and 0, respectively, r = 0, and 
s = 3.775. Thus, no crossover gametes are formed, and the linkage is 
complete. Obviously, no conclusion can be drawn from these data as to 
the exact amount of linkage. 
Fortunately, the data in table 9 throw some light on this problem. For 
any assumed gametic ratio, the expected zygotic series was determined 
by substituting for r and s in the following formula: 








a b c 
6 +3 (495+ 8%): 242 (rs + 28%) : 477 + 2 (2rs + 25%): 
d e f g h 
47s: 2? +2 (3rs + 28): 2 +375: 2e+8:7 (5) 


7 The development of this and the following formulae will be presented in a separate paper. 

















INHERITANCE OF COLORS IN SOY-BEANS 515 


where 

type a = number of plants with all yellow-cotyledon seeds, green 
seed coats; 

type b = number of plants with all yellow-cotyledon seeds, yellow 
seed coats; 


type c = number of plants with 15 yellow- : 1 green-cotyledon 
seeds, green seed coats; 

type d = number of plants with 15 yellow- : 1 green-cotyledon 
seeds, yellow seed coats; 

type e = number of plants with 3 yellow-: 1 green-cotyledon seeds, 
green seed coats; 

type f = number of plants with 3 yellow- : 1 green-cotyledon seeds, 
yellow seed coats; 

type g = number of plants with all green-cotyledon seeds, green 
seed coats; 

type h 
seed coats; 

By comparing the expected zygotic series thus obtained with the cor- 

responding observed numbers, the calculated series giving the closest cor- 
respondence was chosen by inspection, and the approximate percentage 
of crossing over determined from the corresponding gametic ratio. In 
table 41 are shown the deviations of the observed from the expected pro- 
portions based on the given gametic ratios, together with the values of 
x? and P for each. The gametic ratio of 2:13 appears to give the closest 
fit. This is a crossover percentage of 13.33, which is quite close to that 
calculated on the basis of the corrected numbers in table 8. It is very 
probable, therefore, that a ratio of 1 crossover gamete to 7 non-crossover 
gametes is not far from the correct ratio. More data are required, how- 
ever, to determine the correct linkage value. 


number of plants with all green-cotyledon seeds, yellow 


INHERITANCE OF HILUM COLOR 


The two varieties which furnished the foregoing data on cotyledon and 
seed-coat colors also differed in color of hilum or “‘eye.” In seeds of variety 
8, the original hilum color was yellow, the same color as the seed coat, 
while in seeds of variety 9, the hilum was black, and the color was confined 
exclusively to the “‘eye.” 

Selfed seed borne by the parent plants of both varieties had hilums typi- 
cal of their respective variety as above described. However, plants grown 
from these beans produced seed which were not altogether typical. Thus, 
seeds of variety 9 showed a pattern extending partially over the seed, due, 
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apparently, to the spreading of the black pigment from the hilum as a 
center. In the case of variety 8, there was a change also, the hilum being 
brown in later generations, instead of the typical yellow. The seeds, fur- 
thermore, showed a similar pattern, except that the superimposed pigment 
was brown instead of black. The pattern in both cases consisted of 
blotches, patches, splashes or bands irregular in outline and variable in 
extent and location even on seeds from the same plant. 

The Fy plants resulting from reciprocal crosses between these two varie- 
ties bore seeds with black hilum like that in seeds of variety 9, thus show- 
ing this to be the dominant character. These F; beans showed the pattern 
development, as did also those produced by the F, and F; plants. The 
pattern color was in every case the same as the hilum color, and there was, 
in the hybrids, the same variation in extent and location on the seed coats 
as in the pure-line progeny of the two parents described above. 

The two types, black and brown hilums (which is equivalent to saying 
black and brown patterns), were obtained in the F, generation in a 9:7 
ratio. The data are given in table 42. As there shown, of 144 plants, 
85 had black hilum and 59 had brown. These numbers thus showed a 
deviation of 4 from expectation. 

The 9:7 ratio obtained in the F; generation suggests two comple- 
mentary factors, as B and H, for the production of black hilum. In the 
absence of either one or the other factor, the hilum is brown, and in the 
absence of both, the hilum is yellow like that shown by typical seeds of 
variety 8. On this interpretation, the expected ratio is 9:6:1. It was 
impossible in this material, however, to distinguish the double recessive 
and it is consequently included with the browns; hence the ratio, 9:7.° 

F, plants bearing seeds with brown hilum, bred true for this character 
in F;. There were in all 19 progenies containing 544 plants, the seeds 


8 The cause of development of the pattern in pure lines of self-colored beans is not at present 
known. It is a phenomenon of wide occurrence, appearing in a number of yellow and green 
varieties in many sections where soy-beans are grown. Seeds with such a pattern show no segre- 
gation on being tested and hence are not the result of hybridization. There are indications that 
the causal factors are, in part, physiological rather than genetic in nature, for the following. 
reasons: (1) the wide variation in the extent of the pattern (from self-yellow or self-green to 
self-brown or self-black) on seeds from the same plant; and (2) the striking similarity in some 
material in the pattern shown by seeds in the same pod, and the dissimilarity of seeds in different 
pods though borne by the same plant. The study of the factors involved in the development of 
the pattern is of great practical importance from the standpoint of the uniformity of soy-bean 
varieties. It is hoped that investigations now in progress will throw some light on this problem. 

® Whatever factors were responsible for the encroachment of the pattern in the pure-line 
progeny of variety 8 also caused its development in the double recessives obtained as segregates 
in this cross. In this discussion, therefore, the double recessive type is considered a bean with 
a brown pattern and brown hilum indistinguishable from BBhh or bbHH. 
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of which all had brown hilums. Had it been possible to distinguish the 
double recessive, many of these progenies would no doubt have shown 
segregation. 

The F; plants bearing seeds with black hilum bred differently, as was 
expected. On the theory of complementary factors, 1 F, plant out of 9 
should breed true in F;; 4 should produce blacks and browns in an approxi- 
mate 3:1 ratio; and the remaining 4 out of 9 should behave like the F, 
plants, giving again an approximate 9:7 ratio. Of 17 progenies, 2 bred 
true, 7 gave blacks and browns in a ratio of 3:1, and 8 gave these types 
in a ratio of 9:7, as close an approximation to the theoretical proportions 
as is possible in 17 progenies. The actual data obtained are presented in 
table 43. 

Data on the F, generation were obtained from progenies of single plants 
of progeny (917). Ofthe 14 plants with black hilum, 11 were tested and gave 
the results shown in table 44. It will be seen from this table that 4 prog- 
enies bred true, 3 gave a 3:1 ratio, and 4, a 9:7 ratio. In 11 progenies, 
the expected proportions for the three types are 1:5:5. For the actual 
data, x? = 10.00, and P = .006738. The fit is therefore poor, but the 
numbers are small. Some significance can be attached to the fact that 
all the types expected were obtained. 

In a total of 28 progenies in F; and F,, all from plants with black hilum, 
6 bred true for this character, 10 segregated in a 3:1 ratio, and 12 segre- 
gated in a 9:7 ratio. On the basis of a 1:4:4 ratio, these numbers should 
be 3, 12.5 and 12.5, respectively. For these combined data, x? = 3.52, 
and P = .177377. 


INHERITANCE OF PUBESCENCE COLOR 


Tawny and gray pubescence colors have already been mentioned. They 
are found to behave in inheritance as a simple allelomorphic pair of 
characters, tawny being dominant to gray, as Piper and Morse (1910) 
have shown. 

Reciprocal crosses between variety 9 (tawny pubescence) and variety 8 
(gray pubescence) gave 10 F; plants, all of which were tawny. The F: 
generation showed segregation in a simple monohybrid ratio and the results 
were the same no matter which way the cross was made. Table 45 gives 
the results obtained. 

Progenies were grown from 11 F; plants with gray pubescence, and all 
bred true, giving a total of 273 plants. From F; plants with tawny pubes- 
cence, 19 progenies were grown and they gave the results shown in table 46. 
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From this table, it is seen that 7 progenies bred true while 12 segregated. 
The expected numbers on the basis of a 1:2 ratio are 6 and 13, respectively. 
The ratios for the individual progenies show considerable variation, and 
the deviations from the expected 3:1 are, in some cases, quite marked. 
For example, (907) gave a ratio of 11 tawny to 1 gray; (908) 1 to 1; (917) 
17 to 1; (1154) 9 to 1; and (1159) 7.5 to 1. The numbers are small, how- 
ever, and may be, in consequence, only chance deviations from the expected. 

Of the 17 plants in progeny (917) with tawny pubescence, 11 were tested. 
On the assumption that the above ratio shown by (917) is a 3:1,7it would 
be expected that one-third, or 4, of the plants tested would breed true, 
and two-thirds, or 7, would again segregate in a 3:1 ratio. As shown in 
table 47, 6 bred true and 5 segregated. This excess in the number of 
homozygous tawny plants appears significant though it may not be so. 
However, the fact that the segregating progenies produced fair 3:1 ratios 
for such small numbers would seem to indicate mere chance deviation in 
the case of progeny (917). 

Summation of all progenies in F2, F; and F,, showing segregation, gives 
430 plants with tawny and .130 with gray pubescence, the expected num- 
bers being 420 and 140, respectively. 

Of 30 progenies, in F; and F,, all from plants with tawny pubescence, 
13 bred true for this character while 17 segregated. Based on a 1:2 ratio, 
these numbers should be 10 and 20, respectively, thus showing a devia- 
tion of three. 

Hence, in the inheritance of pubescence color, a single pair of factors, 
Tt, is involved. 


LINKAGE BETWEEN HILUM AND PUBESCENCE COLORS 


One of the parents of this cross (variety 9) had tawny pubescence and 
black hilum, (BBHHTT) and the other parent (variety 8), gray pubescence 
and yellow hilum (bbhhit).1° The cross and its reciprocal showed the same 
results in all hybrid generations. 

Plants of the F; generation had tawny pubescence and black hilum, these 
being the dominant characters. In the F, generation, the following types 
were obtained: (a) tawny pubescence and black hilum; (b) tawny pubes- 
cence and brown hilum; (c) gray pubescence and brown hilum. Not a 
single plant was observed with gray pubescence and black hilum. The 
actual data (table 10) conform fairly well to a 9:3:4 ratio for the three 
types obtained. 


10 Tn this discussion, as in the section on hilum color, the double recessive type in hilum color 
is always included with the browns, being indistinguishable from them. 
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F, plants which had brown hilum and gray pubescence, bred true for 
these characters as was shown by 11 progenies totaling 273 plants. F: 
plants with brown hilum and tawny pubescence bred true for the former 
character, and either bred true for tawny pubescence or segregated in a 
ratio of 3 tawny to1 gray. The data are given in table 46, which contains 
F; results on the inheritance of pubescence color. Progenies in this table 
from brown tawny plants are (920), (921), and (1153). Of the 3 progenies, 
therefore, 2 bred true and 1 segregated. 

Plants of the F, generation with tawny pubescence and black hilum 
bred differently in F;. Some bred true for both characters, some segre- 
gated in hilum color alone, and the rest segregated in both characters, 
but in different proportions, depending on the factorial composition of the 
parent plant. The actual results are set forth in table 48. 


TABLE 10 


F. generation of black tawny X brown gray. 





























NUMBER OF PLANTS OBSERVED 
PROGENY NUMBERS 
peeved Black gray . meen Brown gray 
(470) 10 - 2 7 
(801) 40 - 10 16 
(803) 35 - 7 17 
, SNS ee ee Be ere eee rr 85 - 19 40 
Expected numbers on basis of 9:3:4 ratio........ 81 - 27 36 
x? = 3.0115 P= .22212 


Theoretically, the F; plants with black hilum and tawny pubescence 
should consist of the following types (as shown by the Fs) and in the fol- 
lowing proportions: 

Of 9 black tawny F; plants 

(a) 1 should breed true. 

(b) 2 should segregate into 3 black tawny: 1 brown tawny. 

(c) 2 should segregate into 3 black tawny: 1 brown gray. 

(d) 4should segregate into 9 black tawny: 3 brown tawny: 
4 brown gray. 

As seen from table 48, 2 F, plants belong to class (a), 4 to class (b), 
3 to class (c), and 8 toclass (d). These numbers are as close to expectation 
as is possible with 17 progenies. Were one more added to class (c) the 
actual and expected numbers would correspond exactly. 
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The totals for the 9:3:4 class show wide departures from the expected 
numbers, particularly those for the brown tawny and brown gray classes, 
the former being as much in excess as the latter is deficient. The actual 
ratio thus resembles more closely a 9:4:3 than a 9:3:4. All but 2 or 
3 individual progenies showed such a reversal of ratio. This is peculiar in 
view of (1) the close correspondence of the F, data with the theoretical, 
and (2) the existence of the 4 types of F, plants in expected proportions, 
as indicated by the F; generation; but in the presence of such proof, it is 
not believed necessary to call in question the theoretical interpretation 
suggested. 

As stated above under the separate discussions of the inheritance of 
hilum and pubescence colors, 11 plants of (917) with black hilum and tawny 
pubescence were tested. Their progenies constituted the F, generation 
of this cross with respect to these 2 characters. The data are given in 
table 49. 

This table shows that of 11 progenies, 4 bred true, 2 gave a 3:1 ratio in 
hilum color, 1 gave a 3:1 ratio of black tawny to brown gray, and 4 gave a 
9:3:4 ratio. Theoretically, these numbers should be 1, 2.5, 2.5 and 5, 
respectively. 

Altogether, 28 progenies are represented in tables 48 and 49. Of these, 
6 bred true, 6 segregated in a ratio of 3 black tawny to 1 brown tawny, 
4 segregated in a ratio of 3 black tawny to 1 brown gray, and 12 segregated 
in a 9:3:4 ratio. These types should be in the proportions 3:6:6:13. 
The totals would have been in closer accord with expectation, had the 
F, results not shown such marked deviations. 

Summation of all progenies in F2, F; and Fy, giving 9:3:4 ratios, gives 
the following results: 


Re errr oe ne ne renee ERAS oo See 254; expected, 242 
ES a5 od 4:0 6:56:04 1d ONES EMER ED sel LDennece-eaee erent 82; expected, 81 
| SER rn yy hee ete ete ee 95; expected, 108 

WO esi eace vnesincsdqnducweadscthesshs seganeeeecoessces 431 431 


x? = 2.1723 P = .342939 


Summation of all progenies in F; and F,, giving ratios of 3 black tawny 
to 1 brown tawny, gives the following totals: 


EE I cv aucesves ccasteetbecbaussacews 99; expected, 100.5 Deviation = 1.5 
MONTE 6. Gaice Sida ct ce teaeesssweswne 35; expected, 33.5 


ise stisscncckcotasmeusbeeisretes 134 134.0 
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Summation of all progenies in F; and F, giving ratios of 3 black tawny 
to 1 brown gray, gives the following totals: 


NE II osc kn bbe oe o.6.0 600 Se nec n cee een 83; expected, 85.5 Deviation = 2.5 
IS ae se dk Sekt ba cas koe. dipwecd puclonert 31; expected, 28.5 
sialon aa oe as Widion ps voce oaete 114 114.0 


The data above presented are in accord with the interpretation that one 
of the factors for hilum color, B or H, is completely linked with T, the 
factor for tawny pubescence. It is an arbitrary matter whether B and T, 
or H and T, are considered thus linked, as far as the interpretation of the 
results is concerned. The linkage is therefore taken to exist between 
H and T. 

On this interpretation, the types obtained in F, and their behavior in 
F; when selfed are as follows: 


Phenotypic ratio F2 Genotypic ratio FP; 
Black hilum 1 BHT . BHT Breéds true 
9 2 BHT . bHT 3 black tawny: 1 brown tawny. 
a 2 BHT . Bht 3 black tawny: 1 brown gray. 
yP 4 BHT . bht 9 black tawny: 3 brown tawny: 4 brown gray 
Brown hilum 1bHT . bHT Breeds true 
3 
Tawny pubescence (2 bHT . bit 3 brown tawny: 1 brown gray. 
1 Bht . Bht Breeds true 
Brown hilum 
4 2 Bhi . bht Breeds true"! 
Gray pubescence 
1 bht . bht Breeds true 


It is clear from the foregoing that all plants with brown hilum and tawny 
pubescence carry H and T but lack B; while plants with gray pubescence 
may lack all three factors or may carry B only. Owing, then, to this 
linkage relation it is possible to determine which of the plants with brown 
hilum carry B and which carry H. 

As the linkage is complete between H and T, the combined effects of 
these two factors may be thought of as due to a single factor which has 
more than one effect. Thus, 7, the factor for tawny pubescence, may 
be thought of as not only being able to change the pubescence color from 
gray to tawny, but also as acting with B to change the hilum color from 
brown to black. This is perhaps the most convenient way of regarding 
the situation. 


11 Theoretically, presence and absence of B should differentiate between brown and yellow 
hilum. See p. 516. 
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Single factors having multiple effects have been established in a number 
of forms. In Drosophila melanogaster, for example, the factor for morula 
eye is also responsible for ‘‘spineless” (BRmDGES 1919). In corn, red grain 
and red cob are inherited together and apparently both are due to the 
same factor (EMERSON 1911). In the soy-bean (unpublished data), a 
purplish stem always accompanies a purple flower. Very likely the same 
factor causes both effects. Other examples could be cited, all to the same 
point. Indeed, so many cases of unbroken correlation have been and are 
being established that every factor, it is believed, has many more effects 
than simply the one which happens to be most conspicuous and for which 
it is named. 

CHARACTERS INHERITED INDEPENDENTLY 


The relationship between hilum and pubescence, and between cotyle- 
don and green seed coat have been discussed above. It next remains to 
discover what relation, if any, exists between (1) cotyledon and pubescence 
color, (2) cotyledon and hilum color, (3) seed-coat and pubescence color, 
and (4) seed-coat and hilum color. 

The data are given in tables 50-53. The progenies furnishing these 
data are F,’s and F;’s of like parentage in plant characters, but F;’s and 
F,’s of like parentage in cotyledon color. Included in the tables are the 
expected numbers calculated on the basis of independent inheritance of 
the factors concerned, and the values of x? and P. 

The lowest value for P, 0.634195, was found in table 53, giving the data 
on seed-coat and pubescence colors; the highest value for P, 0.809799, 
was found in table 52, for seed-coat and hilum. The chances, therefore, 
are better than even in each case that the characters concerned are in- 
herited independently of each other. 


LINKAGE GROUPS 


The inheritance of six factors and their linkages have been discussed 
in this paper. These factors are grouped as follows: 


I. D, factor for yellow cotyledon. {About 13 percent 
V, factor for green seed coat. crossing over. 


Il. J, duplicate factor for yellow cotyledon. 


Ill. B, factor for brown hilum. Complementary with H in producing 
black hilum. 


IV. H, facto: for brown hilum. Completely 
T, factor for tawny pubescence. 


linked. 
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Y and G are factors for yellow and green pigment, respectively, in the 
cotyledons, but since no soy-beans have yet been found lacking one or the 
other pigment, except as caused by the action of I or D, the mode of in- 
heritance of Y and G cannot be determined. 

Studies have been made on the inheritance of other characters in the 
soy-bean; as, dwarfness, flower color, etc. The data are to be published 
soon. To date, however, their relations with the characters reported in 
this paper have not been determined, though some preliminary studies 
indicate that flower color is independent of both factors D and J for coty- 
ledon color. 


SUMMARY 


1. Yellow cotyledon was found to be dominant to green. There was 
no evidence of maternal inheritance. 

2. Cotyledon color in the F2 generation of certain crosses showed aber- 
rant ratios which were interpreted as 15:1 ratios only in the light of data 
on later hybrid generations. 

3. The F; generation consisted of three types of progenies derived from 
F, yellow-cotyledon beans; namely, a type breeding true for yellow; a 
type segregating according to a 15:1 ratio; and a type segregating accord- 
ing to a 3:1 ratio. The observed numbers of plants belonging to the three 
types approached closely the expected proportions of 7:4:4. 

4. Cotyledon color in the F, generation confirmed results obtained in 
F;. (a) Progenies from yellow-cotyledon beans which bred true in Fs; 
continued to breed true in F;. (b) Progenies from lines giving 3:1 ratios 
in F; were of two types in F,; namely, a type breeding true, and a type 
giving 3:1 ratios; and these two types were to each other as 1:2. 
(c) Progenies from lines giving 15:1 ratios in F; gave again the three types 
and in the same proportions as were obtained in the F; generation. 

5. With three exceptions the green-cotyledon beans bred true for green. 
These exceptions are believed to be due to errors in classification, the beans 
appearing green, though proving themselves to be yellow, genetically. 

6. Fourteen percent of the plants classed as breeding true for yellow 
or green cotyledon bore from 1 to 10 seeds of the unexpected cotyledon 
color. Cross-pollination, unfavorable weather conditions, mutation, and 
mechanical mixtures are the factors believed to be responsible for their 
occurrence. It is felt that they do not occur in proportions large enough 
to affect the validity of the results. 

7. In the Auburn, a black-seeded variety, found to be segregating for 
cotyledon color, all green-cotyledon beans were found to breed true, but 
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the yellow-cotyledon beans from segregating plants were of two types in 
the ratio of 1:2, namely, a type breeding true for yellow, and a type giving 
a 3:1 ratio,—indicating a simple allelomorphic relationship between the 
two cotyledon colors. 

8. Green seed coat proved to be dominant to yellow seed coat, and in 
F, a ratio of three green to one yellow was obtained. 

9. There is an apparent repulsion between green seed coat and yellow 
cotyledon, and conversely between yellow seed coat and green cotyledon. 
Evidence available indicated about 13 percent crossing over. 

10. Black hilum is dominant to brown hilum, and in F, a ratio of 
9 black to 7 brown was obtained. This indicates that there are two fac- 
tors, complements of each other, which are necessary to produce black 
hilum. In the absence of either one or both, the hilum is brown. 

11. Tawny pubescence is dominant to gray pubescence, and in F, a 
ratio of 3 tawny to 1 gray was obtained. 

12. Complete linkage was found to exist between the factor for tawny 
pubescence, and one of the complementary factors for black hilum. No 
plants were produced with black hilum and gray pubescence. 

In the light of these facts the following factors were used to explain the 
inheritance of the above characters in soy-beans: 

Y, factor for yellow pigment in cotyledon. 

G, factor for green pigment in cotyledon. 

I, factor causing green pigment to fade out at maturity; 7, green 
cotyledon, in absence of D. 

D, duplicate of J; d, green cotyledon, in absence of J. 

V, factor for green seed coat; v, yellow seed coat. 

T, factor for tawny pubescence; ¢, gray pubescence. 

B, factor for brown hilum. Complement of H. 

H, factor for brown hilum. Complement of B. With both B and 
H present the hilum is black. 
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Plants produced from seeds with green cotyledons. 





NUMBER SEEDS OBSERVED WITH 




















PARENT PLANT NUMBER 

Yellow cotyledon Green cotyledon 
(339) (470)— 73 0 39 
(471)-80 (801)—110 3 375 
(471)-80 -112 0 311 
(471)-80 -118 3 285 
(471)-80 -122 3 426 
(471)-80 -132 5 264 
(471)-81 (803)-248 2 209 
(471)-81 —252 0 468 
(471)-81 -254 2 377 
MS ra esa eds Gaed b dan s'chscaescwwe 18 2754 
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TABLE 12 
Cotyledon color in F3 generation. Plants produced from seeds with yellow cotyledons. Progeny of 
(471)-80. 
NUMBER SEEDS OBSERVED 
PLANT NUMBER “as "ERROR * ee ACTUAL RATIO 
Yellow Green aks 
cotyledons cotyledons 
(801)- 4 458 0 ‘i 

- 14 322 0 
- 18 501 0 
- 22 95 0 
— 24 320 0 
— 26 266 0 
- 30 298 0 
- 32 505 0 
- 36 403 0 
- 40 281 0 
- 50 318 0 
- 54 486 0 
- 62 332 0 
— 66 601 0 
- 70 422 0 
- 74 302 0 
— 84 350 0 
- 90 451 0 
- 92 434 0 
— 94 325 0 
- 96 415 0 
- 98 534 0 
-114 294 0 
-260 553 0 
—264 504 0 
-276 353 0 
—284 433 0 
—292 406 0 
—294 423 0 
-296 184 0 
—298 213 0 
-300 365 0 

Sub-total ....} 12,579 0 
~ 2 293 19 5 2.88 .174 15.4:1 
- 10 284 16 3.0 2.83 1.06 i7.d31 
- 42 493 38 5.0 3.76 1.33 12.9:1 
— 46 570 64 24.0 4.11 5.84 8.9:1 
— 52 315 17 4.0 2.97 1.347 18.5:1 
~ 58 243 12 4.0 2.61 1.533 20.2:1 
— 64 235 20 4.0 2.61 1.533 11.7:1 
- 76 520 41 6.0 3.867 1.508 12.6:1 
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NUMBER SEEDS OBSERVED 
WITH 




















LANT NUMBER — ——~¥ Dev. ACTUAL RATI 

‘ Yellow Green —_ (P. E.) sels ‘ 
cotyledons cotyledons 

(801)- 78 160 12 1.0 2.14 -468 a3.322 

— 82 408 25 2.0 3.397 .589 16.3:1 

— 86 412 19 8.0 3.39 2.057 21721 

—282 271 13 5.0 2.75 1.819 20.8:1 

—286 344 24 1.0 aiid .318 14.3:1 

Sub-total ... 4548 320 16.0 11.39 1.405 14.2:1 

- 16 209 64 4.0 4.83 .829 3.26:1 

- 20 242 63 13.0 5.10 2.548 3.84:1 

- 34 229 87 8.0 5.19 1.542 2.63:1 

- 60 354 115 2.0 6.33 0.316 3.07:1 

— 68 294 81 14.0 5.66 2.474 3.63:1 

- 80 282 110 12.0 5.78 2.077 2.56:1 

- 88 262 102 11.0 5.57 1.975 2.56:1 

-100 203 76 6.0 4.88 1.228 2.67:1 

-104 291 107 7.5 5.83 1.287 2.9122 

—266 357 117 1.35 6.36 0.236 3.05:1 

—268 395 118 10.0 6.62 1.511 3.35:1 

-272 247 91 6.5 5.37 1.211 2.70:1 

—278 208 69 0.0 4.86 0.000 3.01:1 

—280 226 70 4.0 5.03 0.795 3.22:1 

-290 402 121 10.0 6.68 1.498 3.S2-1 

Sub-total .... 4201 1391 7.0 21.84 ane 3.02:1 
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TABLE 13 





Cotyledon color in F; generation. Plants produced from seeds with yellow cotyledons. Progeny 


of (471)-81. 





NUMBER SEEDS OBSERVED 
WITH 

















PLANT NUMBER — ——— Dov. ACTUAL RATIO 
Yellow Green , (P-E.) = 
cotyledons cotyledons 
(803)- 2 303 0 : 

- 4 130 0 
- 10 211 2 
— 26 430 0 
- 30 346 0 
- 32 374 0 
- 34 333 0 
- 42 426 0 
-44 199 0 
- 50 227 0 
- 52 506 0 
- 54 319 0 
- 60 586 0 
- 64 213 0 
- 66 390 0 
- 72 359 0 
- 76 185 0 
- 80 328 0 
— 82 $13 1 
- 86 122 0 
— 88 332 0 
- 90 417 0 
— 94 451 0 
- 98 412 0 
-270 309 0 
—274 415 0 
-276 340 0 
—282 376 0 
—284 294 0 
—286 486 0 
—290 541 0 
—292 337 0 
-300 350 0 

Sub-total ....| 11,560 3 
- 14 276 23 4.0 2.82 1.419 12.0:1 
- 18 385 34 8.0 3.34 2.395 11.3:1 
— 28 277 19 0.5 2.81 0.178 14.6:1 
- 62 336 22 0.0 3.09 0.000 15.3:1 
— 68 474 39 7.0 3.70 1.892 12.2:1 
- 78 394 27 1.0 3.35 0.299 14.6:1 
- 84 309 25 4.0 2.98 1.342 12.4:1 
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NUMBER SEEDS OBSERVED 
WITH 






































PROBABLE 
PLANT NUMBER DEVIATAN ERROR Dov. ACTUAL RATIO 
Yellow Green Ord (P.E.) sien 
cotyledons cotyledons 
(803)— 96 311 17 3.5 2.96 1.183 18.3:1 
-100 426 31 2.0 3.49 0.573 13.7:1 
-278 270 15 3.0 2.756 1.089 18.0:1 
—288 201 14 2.0 2.756 0.837 13.3:1 
-296 412 27 0.0 3.42 0.000 15.2:1 
Sub-total ....} 4071 293 20.0 10.79 1.860 13.9:1 
- 6 290 107 8.0 5.82 1.374 2.71:1 
- 8 58 25 5.0 2.66 1.880 2.32:1 
- 16 332 120 7.0 6.21 1.127 2.7721 
- 36 242 87 5.0 5.30 0.943 2.78:1 
— 40 222 66 6.0 4.96 1.209 3.36:1 
— 48 468 141 11.0 7.21 1.526 3.32:1 
- 56 223 69 4.0 4.99 0.802 3.23:1 
- 74 313 96 6.0 5.91 1.015 3.26:1 
— 92 151 54 3.0 4.18 0.718 2.80:1 
-272 264 87 1.0 5.47 0.183 3.03:1 
—294 141 61 10.5 4.15 2.530 2.31:1 
Sub-total ....}| 2704 913 9.0 17.56 0.513 2.96:1 
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TABLE 14 
Cotyledon color in F3; generation. Plants produced from yellow-cotyledon seeds of F, plants. Variety 
8 (yellow) Q X variety 9 (green) o. 
NUMBER SEEDS OBSERVED WITH ieee PROBABLE Dev. ene 
eee Yellow Green ev.) (PE) P. E. — 
cotyledons cotyledons 
(470)-59 94 0 
-61 51 0 
—62 97 0 
-66 73 0 
-67 100 0 
-68 73 0 
-69 59 0 
-76 64 0 
-78 53 3 (?) 
-79 58 0 
Sub-total ...... 722 3 (?) 
-60 72 3 2 1.410 1.419 24.0:1 
-70 63 5 1 1.346 0.743 12.6:1 
-71 21 + 2 0.816 2.451 $.3:1 
-75 42 + 1 1.110 0.901 10.5:1 
-77 24 (18)* 6t (12)* + 0.894 4.475 4.0:1 
Sub-total ...... 242 22 Zz 2.550 2.750 | 10.1:1 
-63 54 15 2 2.430 0.823 3.60:1 
-65 26t (20)* | 15t (22)* 5 1.870 2.674 1.73:1 
-72 27 8 1 1.730 0.578 3.38:1 
Sub-total ...... 107 38 2 3.520 0.570 2.82:1 
* Original figures. 
¢ Corrected figures. See text. 
TABLE 15 
Cotyledon color in F; generation. Datafromanatural cross. Progeny of plant B&2a. 
NUMBER SEEDS OBSERVED 
PLANT NUMBER pe tr “—_—_ De. ACTUAL RATIO 
Yellow Green _ @. E.) aes 
cotyledons cotyledons 
(1233)-1 109 0 
(1233)-4 146 0 
Sub-total .... 255 0 
(1233)-2 175 10 2 2.221 0.9005 17.5:1 
(1233)-3 186 9 3 2.280 1.3160 20.7:1 
Sub-total .... 361 19 5 3.183 1.5710 19.0:1 
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TABLE 16 
Cotyledon color in Fs generation. Plants produced from seeds with yellow cotyledons. Progeny 
of (470)-60. 
NUMBER SEEDS OBSERVED 
PLANT NUMBER “Ses "ERROR pe ACTUAL RATIO 
Yellow Green = 
cotyledons cotyledons 
(906)-24 339 0 
-26 _ 508 0 
-32 284 0 
-34 246 0 
42 178 0 
-58 559 0 
-60 397 0 
Sub-total .... 2511 0 
-30 439 27 2.0 3.52 0.570 16.30:1 
-36 428 25 3.0 3.475 0.864 17.10:1 
—40 359 29 5.0 3.220 1.550 12.40:1 
-56 214 17 3.0 2.480 1.210 12.60:1 
Sub-total .... 1440 98 2.0 6.400 0.313 14.70:1 
—4H4 195 62 2.0 4.680 0.430 3.15:1 
—46 474 180 16.0 7.470 2.140 2.63:1 
-50 285 93 5.680 0.260 3.06:1 
-52 330 126 12.0 6.240 1.920 2.62:1 
-54 592 203 4.0 8.240 0.486 2.92:1 
-62 164 67 9.0 4.440 2.030 2.45:1 
Sub-total .... 2040 731 38.0 15.370 2.470 2.79:1 
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TABLE 17 
Cotyledon color in Fy generation. Plants produced from seeds with yellow cotyledons. Progeny 
of (470)-77. 
NUMBER SEEDS OBSERVED 
WITH 
PLANT NUMBER <2 "ERROR © pod ACTUAL RATIO 
Yellow Green 
cotyledons cotyledons 
(907)-80 210 0 
-82 231 0 
-88 437 0 
-90 284 0 
-92 271 2 (?) 
-94 328 0 
Sub-total .... 1761 2 (?) 
-76 283 21 2.0 2.850 0.702 13.50:1 
-84 7 1 0.5 0.462 1.083 7.00:1 
-86 332 26 4.0 3.090 1.295 12.80:1 
Sub-total .... 622 48 6.0 4.230 1.420 13.00:1 
-74 282 93 1.0 5.660 0.177 3.03:1 
-78 294 111 10.0 5.880 1.710 2.65:1 
Sub-total .... 576 204 9.0 8.160 1.103 2.82:1 
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TABLE 18 
Cotyledon color in Fs generation. Plants produced from seeds with yellow cotyledons. Progeny 
of (470)-75. - 
NUMBER SEEDS OBSERVED 
PLANT NUMBER oe <p “aEROR 4 Dev: ACTUAL RATIO 
Yellow Green — 
cotyledons cotyledons 
(912)-278 256 0 
—284 498 0 
—288 474 0 
—296 152 0 
Sub-total .... 1380 0 
—262 435 26 3 3.51 0.855 16.70:1 
—266 382 24 1 3.29 0.304 15.90:1 
—276 442 31 1 3.55 0.282 14.30:1 
—292 416 30 2 3.45 0.580 13.90:1 
—294 395 24 2 3.34 0.599 16.50:1 
—298 405 33 6 3.42 1.755 12.30:1 
Sub-total ....}| 2070 168 28 7.72 3.267 12.30:1 
-260 359 124 3 6.42 0.468 2.90:1 
—268 454 158 5 7.23 0.692 2.87:1 
-270 334 102 7 6.10 1.150 3.28:1 
272 291 121 18 5.93 3.036 2.41:1 
-274 250 79 3 5.30 0.567 3.17:1 
-280 453 137 10.5 7.09 1.481 3.30:1 
—286 275 85 5 5.54 0.903 3.20:1 
Sub-total ....| 2416 806 0.5 16.58 0.030 3.00:1 
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TABLE 19 
Cotyledon color in Fs generation. Plants produced from seeds with yellow cotyledons. Progeny 
of (470)-70. 
NUMBER SEEDS OBSERVED 
PLANT NUMBER epariow | Numror” | DS | Actua-Ratio 
Yellow Green (P. E.) 
cotyledons cotyledons 
(920)-20 157 0 
-22 381 0 
-26 308 0 
-30 408 0 
32 433 0 
-38 407 0 
—40 295 0 
—44 270 0 
—46 590 0 
-50 200 0 
-52 517 0 
Sub-total .... 3946 0 
—34 497 28 5 3.74 1.357 17.70:1 
—-36 375 17 7.5 3.23 2.322 22.10:1 
48 349 20 3 3.14 0.956 17.50:1 
Sub-total .... 1221 65 15 5.85 2.565 18.80:1 
-24 291 101 3 5.78 0.519 2.88:1 
—28 147 45 3 4.05 0.741 3.2023 
—42 335 98 10 6.08 1.645 3.42:1 
-54 388 95 26 6.42 4.050 4.08:1 
-56 413 125 oS 6.77 1.403 3.30:1 
Sub-total .... 1574 404 45.5 13.19 3.450 3.39:1 





























TABLE 20 
Cotyledon color in Fy generation. Plants produced from seeds with yellow cotyledons. Progeny 

































































of (470)-71. 
NUMBER SEEDS OBSERVED 
PLANT NUMBER a ong g Pe ACTUAL RATIO 
Yellow Green (P. E.) his 
cotyledons cotyledons 
(903)-190 247 0 
—194 571 1 (?) 
-196 399 0 
-198 ie r 0 
—202 459 0 
-204 335 0 
-210 418 0 
212 605 0 
-216 512 0 
Sub-total .... 4061 1 (?) 
-188 274 18 0 2.79 0.0 15.2:1 
-192 412 20 7 3.39 2.065 20.6:1 
Sub-total .... 686 38 7 4.39 1.595 18.0:1 
—208 385 119 7 6.56 1.068 3.2:1 
TABLE 21 
Cotyledon color in Fy generation. Plants produced from seeds with yellow cotyledons. Progeny 
of (470)-72. 
NUMBER SEEDS OBSERVED 
WITH 
PLANT NUMBER “Gers ———" Dev. ACTUAL RATIO 
Yellow Green (P. E.) ai 
cotyledons cotyledons 
(913)-18 484 0 
-28 517 0 
-38 388 0 
44 482 0 
48 502 0 
-54 486 0 
Sub-total .... 2859 0 
-22 267 104 11.0 5.62 1.960 2.57:1 
-24 322 117 7.0 6.12 1.144 2.75:1 
—26 295 104 4.0 5.83 0.687 2.82:1 
-30 258 80 4.5 5.37 0.838 3.23:1 
-32 273 92 1.0 5.58 0.179 2.97:1 
—34 382 132 3.5 6.62 0.529 2.89:1 
-40 381 128 1.0 6.59 0.152 2.98:1 
-46 408 135 1.0 6.81 0.147 3.02:1 
-50 178 72 9.5 4.62 2.057 2.47:1 
—52 265 91 2.0 5.35% 0.363 2.91:1 
-56 403 125 7.0 6.71 1.044 3.20:1 
Sub-total .... 3432 1180 27.0 19.83 1.362 2.91:1 
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TABLE 22 
Cotyledon color in Fy generation. Plants produced from seeds with yellow cotyledons. Progeny 
of (470)-65. 
NUMBER SEEDS OBSERVED 
PLANT NUMBER . ae "ERROR Dev. ACTUAL RATIO 
Yellow Green a 
cotyledons cotyledons 
(909)-164 364 5 A 
-166 349 1 (?) 
-170 117 2 
Sub-total .... 830 7+(1?) 
-150 282 80 10.5 5.56 1.89 Ee | 
-160 272 91 0.0 5.57 0.00 3.00:1 
-162 124 43 1.0 i 0.266 2.88:1 
-168 242 97 12.0 5.38 0.230 2.49:1 
-172 391 127 2.5 6.65 0.376 3.08:1 
Sub-total ... 1311 438 1.0 12.21 0.082 3.00:1 
TABLE 23 
Cotyledon color in Fs generation. Plants produced from seeds with yellow cotyledons. Progeny 
of (470)-63. 
NUMBER SEEDS OBSERVED 
PLANT NUMBER ra ua “an ‘ Dev. ACTUAL RATIO 
Yellow Green aii (P. E.) —_ 
cotyletons cotyledons 
(915)-102 424 0 
-104 493 1 
-114 188 0 
-116 235 0 
-120 104 0 
-134 419 0 
Sub-total .... 1863 1 
— 98 110 27 7.0 3.42 2.047 4.08:1 
-106 265 82 5.0 5.44 0.919 3.23:1 
—108 299 101 1.0 5.84 0.171 2.96:1 
-112 233 74 3.0 5.12 0.586 3.1532 
-118 252 78 4.5 5.31 0.847 3.23:1 
-122 206 59 7.0 4.75 1.474 3.49:1 
—124 216 67 4.0 4.91 0.815 3.2231 
-128 284 96 1.0 5.69 0.176 2.96:1 
Sub-total .... 1865 584 28.0 14.45 1.938 3.19:1 
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TABLE 24 


Progeny of plant (470)-59. 





PLANT NUMBER 


NUMBER SEEDS WITH YELLOW 


NUMBER SEEDS WITH GREEN 


























COTYLEDONS COTYLEDONS 

(911)-220 485 0 
—222 487 0 
—224 409 0 
—228 192 0 
—232 320 0 
—234 329 0 

~236 406 2 (?) 
—238 437 0 
—240 310 0 

~242 648 2 (?) 
—248 401 0 
—252 394 0 
—258 423 0 

RRR ey 8) i ee ee 5241 4 (?) 

TABLE 25 
Cotyledon color in F, generation. Progeny of plant (470)-61. 
PLANT NUMBER NUMBER conniaanie YELLOW ey GREEN 

(905)- 2 366 0 
- 4 450 0 
- 6 216 0 
- 8 239 0 
- 10 290 0 
- 12 261 0 
- 14 180 0 
- 16 270 0 
-270 309 0 
-272 390 0 
-274 379 0 
276 270 0 
-294 411 0 
-278 312 0 
-280 385 0 
—282 307 0 
—284 342 0 
288 305 9 
-290 406 0 
-298 252 0 
a a eer ee 6340 0 
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TABLE 26 





Progeny of plant (470)-62. 





PLANT NUMBER 


NUMBER SEEDS WITH YELLOW 


NUMBER OF SEEDS WITH GREEN 

















,COTY LEDONS COTYLEDONS 
(918)-238 284 0 
-240 467 1 
-242 348 0 
244 328 ee 
-246 395 5 
-248 317 0 
~250 280 0 
-252 201 0 
-254 437 3 
~260 628 0 
~262 472 0 
~264 257 0 
~266 511 0 
-270 396 1 
-272 250 2 
-274 343 1 
-276 350 0 
Ds nctah sc ahead ae 6264 13 
TABLE 27 


Cotyledon color in Fy generation. 


Progeny of plant (470)-66. 





PLANT NUMBER 


NUMBER SEEDS WITH YELLOW 
COTYLEDONS 


NUMBER SEEDS WITH GREEN 
COTYLEDONS 





(914)-58 
-60 
~64 
~66 
68 
-70 
-72 
-74 
~76 
-78 
-80 
-82 
-84 
-86 
-88 
~90 
~92 


423 
348 
241 
380 
413 
365 
274 
208 

68 
246 
406 
298 
417 
323 
594 
320 
387 





eee ee eee eee eee) 
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Cotyledon color in F, generation. 


INHERITANCE OF COLORS IN SOY-BEANS 


TABLE 28 





Progeny of plant (470)-67. 





PLANT NUMBER 


NUMBER SEEDS WITH YELLOW 
COTYLEDONS 


NUMBER SEEDS WITH GREEN 
COTYLEDONS 
































(916)-162 539 0 
~164 350 0 
~166 473 0 
-168 481 0 
-170 185 0 
-174 475 0 
-176 473 0 
-178 575 0 
-180 506 0 
—182 484 0 
—184 490 0 
~186 436 0 
—188 469 0 
192 415 0 
194 437 0 
-196 372 0 

| ee eee 7160 0 
TABLE 29 
Cotyledon color in Fy generation. Progeny of plant (470)-68. 
PLANT NUMBER NUMBER commana YELLOW eee GREEN 

(904)-218 362 0 
—220 340 0 
—230 485 0 
—234 578 0 
236 244 0 
—238 321 0 
—242 486 0 
—244 452 0 
—246 386 0 
-248 236 0 
-250 390 0 
—252 427 0 
—254 396 3 (?) 
—256 412 2 (?) 
—258 230 0 
-260 203 0 
—262 388 0 
—264 427 0 
—266 561 5 

eer oer 7324 5+ (5?) 
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TABLE 30 





Cotyledon color in Fy generation. Progeny of plant (470)-69. 





PLANT NUMBER 


NUMBER SEEDS WITH YELLOW 


NUMBER SEEDS WITH GREEN 

















COTYLEDONS COTYLEDONS 
(908)- 96 416 1 
- 98 398 0 
-100 699 ate 
~102 159 0 
-104 391 0 
-106 538 0 
-108 229 0 
-110 429 0 
-112 446 3 
-118 201 1 
~122 666 0 
~124 348 1 (?) 
-126 466 0 
-128 342 0 
~132 472 0 
-134 176 0 
Oe cs <i ceeiexesases 6376 5+ (12) 
TABLE 31 


Cotyledon color in F, generation. Progeny of plant (470)-76. 





PLANT NUMBER 


NUMBER SEEDS WITH YELLOW 


NUMBER SEEDS WITH GREEN 








COTYLEDONS COTYLEDONS 
(921)— 70 193 0 
- 72 373 0 
- 80 482 0 
— 82 222 0 
— 84 477 0 
— 86 340 0 
— 88 459 0 
- 90 431 0 
- 92 448 0 
-96 §57 0 
— 98 706 0 
-100 420 0 
—104 456 0 
DA, 0 osiciccctvnrscescces 5564 0 
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TABLE 32 


Cotyledon color in F, generation. Progeny of plant (470)-78. 




















PLANT NUMBER N eee YELLOW Ee eee GREEN 
(917)-198 362 0 
~200 94 0 
~202 650 0 
~204 79 0 
~206 382 0 
-208 593 0 
-210 228 0 
212 102 0 
~214 172 0 
216 350 0 
-218 400 0 
~220 312 0 
~222 237 0 
228 355 0 
~230 210 0 
-232 350 0 
-234 292 0 
~236 267 0 
DE ect actiabcicetey es 5435 0 
TABLE 33 


Cotyledon color in F4 generation. Prageny of plant (470)-79. 











esse iene NUMBER — YELLOW eae GREEN 
(910)-180 364 0 
-182 394 1 (?) 
—184 204 0 
-186 197 0 
—188 292 0 
—190 289 0 
—192 476 0 
—-196 300 0 
-200 303 0 
-202 319 0 
—204 501 0 
—208 361 0 
-212 520 0 
-218 353 0 
DO 6 via sbdincsinceesee's 4873 1 (?) 
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TABLE 34 


Plants produced from seeds with green cotyledons. 





PARENT 


PLANT NUMBER 


NUMBER SEEDS WITH 
YELLOW COTYLEDONS 


NUMBER SEEDS WITH 
GREEN COTYLEDCNS 









































(470)-60 (906)— 18 0 306 
— 20 0 427 

— 22 0 412 

Sub-total......... 0 ~ 1145 

(470)-63 (915)-138 2 448 
—140 2 265 

—142 10 366 

-144 1 427 

-146 0 389 

-148 0 56 

-150 1 236 

-152 1 262 

-156 + 392 

ee ee 21 2841 

(470)-65 (909)—136 0 270 
-138 0 260 

—140 1 437 

-142 0 265 

-148 0 214 

-152 2 494 

-154 0 276 

eer 3 2216 

(470)-70 (920)- 58 0 300 
- 0 319 

- 62 0 420 

— 64 0 389 

Sub-total ......... 0 1428 

(470z)-71 (903)-184 2 475 
-186 2 456 

Sub-total ......... 4 931 

(470)-72 (913)- 2 0 305 
- 10 0 459 

- 12 2 386 

- 14 0 478 

- 16 0 325 

ee ee 2 1953 

(470)-77 (907)-— 72 3 215 
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TABLE 34 (continued) 























PARENT PLANT NUMBER ae den —-. plana wus 

(470)-73 (919)— 2 3 269 
= 5 0 316 

7 5 0 455 

- 12 1 445 

~278 0 471 

—282 0 448 

-284 0 352 

286 1 424 

288 0 543 

-294 0 462 

—296 0 283 

298 0 230 

-300 1 448 

Sub-total .......... 9 5416 

TABLE 35 


Inheritance of cotyledon color in Auburn variety. Progeny of beans with green cotyledons. 














NUMBER SEEDS OBSERVED WITH 
PLANT NUMBER 
Yellow cotyledons Green cotyledons 

(210)-292 9 446 
—298 14 542 
-300 14 977 
-304 20 986 
-306 12 738 
-308 27 508 
-310 3 590 
-312 8 604 
-314 6 656 
—316 6 324 
-318 4 907 
-320 13 770 
-322 7 753 
-324 19 575 
-326 8 1028 
—328 8 502 
-330 14 987 
WES 6 stnb cuNe de ncnaeuees 192 11,893 
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TABLE 36 





Inheritance of cotyledon color in the Auburn variety. Progeny of beans with yellow cotyledons. 























NUMBER SEEDS OBSERVED 
PLANT NUMBER aon io — ae ACTUAL RATIO 
Yellow Green (P. E.) —s 
cotyledons cotyledons 

(211)-334 713 1 
-340 1027 1 ‘“ 
-342 965 0 
-360 872 0 
-372 786 0 
-394 1008 0 
-396 859 0 
~408 740 0 
~410 905 0 
~418 750 2 
~424 491 0 
~430 744 0 

Sub-total .... 9860 4 | 

(211)-332 614 214 7.0 8.40 0.83 2.869:1 
-336 539 176 3.0 7.81 .38 3.063:1 
-338 646 239 18.0 8.69 2.07 2.701:1 
-344 614 217 9.0 8.42 1.07 2.830:1 
—346 554 165 15.0 7.83 1.92 3.35821 
—348 597 178 16.0 8.13 1.97 3.354:1 
-350 582 197 2.0 8.15 2.45 2.950:1 
-352 679 214 9.0 8.73 1.03 3.87331 
-354 516 158 10.5 7.58 1.39 3.266:1 
-356 786 248 10.5 9°39 1.12 3.169:1 
-358 765 207 36.0 9.11 3.95 3.696:1 
—364 367 106 12.0 6.35 1.89 3.460:1 
-368 781 254 5.0 9.39 .53 3.075:1 
-370 827 292 12.0 9.77 1.23 2.830:1 
~374 528 175 1.0 7.74 13 3.017:1 
-376 480 137 16.0 7.25 2.21 3.504:1 
-378 491 138 19.0 7.32 2.60 3.558:1 
—380 827 259 4.5 9.62 47 3.190:1 
—382 759 276 17.0 9.39 1.81 2.750:1 
—386 787 276 10.0 9.52 1.05 2.850:1 
—388 449 143 5.0 7.11 .70 3.140:1 
-390 452 127 18.0 7.01 2.57 3.560:1 
—392 613 216 9.0 8.41 1.07 2.840:1 
—400 1055 318 25.0 10.82 2.31 3.318:1 
—402 629 197 9.5 8.39 1.07 3.190:1 
-404 732 221 17.0 9.02 1.88 3.310:1 
—406 820 251 17.0 9.56 1.78 3.267:1 
—412 730 224 14.5 9.02 1.61 3.259:1 
—414 236 72 5.0 5.13 .97 3.278:1 
416 750 237 10.0 9.18 1.09 3.165:1 
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NUMBER SEEDS OBSERVED 
PROBABLE 
PLANT NUMBER Severe ERROR Dos. ACTUAL RATIO 
Yellow Green es (P. E.) wen 
cotyledons cotyledons 
(211)-420 903 283 12.5 10.06 1.34 3.190:1 
426 1077 335 18.0 10.97 1.64 3.215:1 
428 622 181 20.0 8.28 2.42 3.440:1 
—432 311 106 2.0 5.96 34 2.930:1 
434 712 205 24.0 8.84 2.72 3.470:1 
436 784 227 26.0 9.29 2.80 3.450:1 
-—440 843 284 2.0 9.81 2.04 2.970:1 
—442 754 235 12.0 9.18 1.31 3.210:1 
Sub-total ....| 25,211 7988 312.0 §3.22 5.86 3.156:1 
TABLE 37 


Segregation in cotyledon color shown by plants grown from yellow-cotyledon seeds of plant (210)-330, 













































































NUMBER SEEDS WITH ‘ 
ev. 
f-. M SEED COAT —— — Dev.* P.E. rE ny 
cotyledons | cotyledons 
469-50 Mottled 183 19 6.0 2.320 2.586 9.60:1 
-51 Mottled 182 10 2.0 2.260 0.885 18.20:1 
-52 Mottled 23t (?) 0 (?) 0.0 0.000 _ 0.000 
-53 Self-black 172 25 13.0 2.290 5.677 6.88:1 
-54 Mottled 157 11 0.5 2.116 0.236 14.30:1 
-56 Mottled 286 15 4.0 2.833 1.412 19.00:1 
-57 Mottled 228 15 0.0 2.545 0.000 15.20:1 
TOR. 5 icc 6 écccccsss| 12008 95 13.5 5.893 2.291 12.70:1 
* Calculated on basis of 15:1 ratio. 
{Not included in total. See text. 
TABLE 38 
Seed-coat color in the Fz generation. 
NUMBER PLANTS WITH Dev. 
PROGENY NUMBER Dev. P.E. Pp E ACTUAL RATIO 
Green coat Yellow coat ia 
470 16 3 2.0 1.273 1.571 §.34:1 
801 47 17 1.0 2.337 0.428 2.76:1 
803 40 17 3.0 2.205 1.361 2.35:1 
WRG seinen 103 37 2.0 3.456 0.579 2.78:1 
Genetics 6: N 1921 
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TABLE 39 


Seed-coat color in F3 generation. 





Progeny of Fz plants with green seed coats. 



























































NUMBER PLANTS WITH Dev. 
PROGENY NUMBER Dev. P. E. PE ACTUAL RATIO 
Green coat | Yellow coat ai 
908 16 
909 15 
913 24 x 
914 19 
919 13 
Sub-total .... 87 
903 7 7 3S 1.093 3.203 1.00:1 
904 15 4 1.0 1.273 0.786 3.75:1 
906 15 5 0.0 1.306 0.000 3.00:1 
907 8 + 1.0 1.012 0.988 2.00:1 
910 9 5 ace 1.093 1.372 1.80:1 
911 9 4 1.0 1.053 0.949 2.25:1 
912 14 3 1.0 1.204 0.831 4.67:1 
916 14 2 2.0 1.168 1.712 7.00:1 
917 13 5 0.5 1.239 0.404 2.60:1 
918 13 + 0.0 1.204 0.000 3.25:1 
920 16 7 1.0 1.401 0.714 2.29:1 
Sub-total .... 133 50 4.0 3.951 1.012 2.66:1 
TABLE 40 
Individual progenies in F, and F; showing distribution with respect to both cotyledon and seed-coat 
colors. 
PROGENY NUMBERS 
COTYLEDON COLOR ee oe 
~~ 18181212818) 81 F| S| sos 
UO 6 vo eawsnsessdssdecnn Green $118); 15) 4] 2] 3} 2] $ 57 
PRM av hidden eso 65'ecinea Yellow 21 eel i) Sh Si So] 21.6 55 
15 yellow : 1 green............ Green S132) 8). 2) 4) 21 6) S$ 45 
15 yellow : 1 green............ Yellow Oo; 1} O; 1] O}| 1] O| O 3 
3 yellow : 1 green............ Green 2/14/11] O| 6] 2] 6] 4 45 
3 yellow : 1 green........... Yellow 1} 1}; OO; 1] O;| OF 1] 1 5 
gs oonune Wx lun acne cas Green 11.4] 31 24.6] I] @| 4 18 
PEI, 0. 6:6 Ssatiudev,ceco soak Yellow 0} 0} O} O} OF} O} OO} O 0 
MED « Vitex gta ceces scauseeeheasnee 19 | 65 | 58 | 14 | 20 | 12 | 17 | 23 | 228 
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TABLE 42 


F2 generation with respect to hilum color. 




















NUMBER PLANTS OBSERVED WITH Dev. 
PROGENY NUMBER Dev. P.E. P E 5 
Black hilum Brown hilum rr 
470 10 9 1 1.46 0.680 
801 40 26 3 2.72 1.100 
803 35 24 2 2.5 0.780 
CO ee 85 59 4 4.02 0.995 
Expected 9:7 81 63 




















TABLE 43 


F; generation in hilum color. Progenies of Fz plants bearing seeds with black hilum. 


























N PLANTS WIT 
PROGENY NUMBER ae ae ——— “—_ pe ACTUAL RATIO 
Black hilum | Brown hilum (P.E.) roe 
904 19 
910 14 
Sub-total .... 33 
908 8 8 4* 1.17 3.42 1.000:1 
911 7 6 3 1.05 2.86 1.167:1 
916 11 5 1 1.17 0.94 2.200:1 
1158 28 11 1 1.82 0.55 2.550:1 
1160 31 4 5 1.73 2.89 7.750:1 
1161 28 9 0 1.78 0.00 3.100:1 
1162 20 9 2 1.57 1.27 2.220:1 
Sub-total .... 133 52 6 3.97 1.51 2.560:1 
905 12 8 it 1.50 0.67 
907 7 5 0 1.16 0.00 
912 7 10 3 1.38 2.17 
914 8 11 3 1.46 2.05 
917 14 4 4 1.42 2.82 
1152 22 15 1 2.04 0.49 
1154 32 17 4 2.34 1.28 
1159 19 15 0 1.95 0.00 
Sub-total .... 121 85 6 4.80 1.25 























* Calculated on basis of 3:1 ratio. 
¢ Calculated on basis of 9:7 ratio. 
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F, generation in hilum color. Progenies of F; plants bearing seeds with black hilum. 










































































NUMBER ~~ OBSERVED suet PROBABLE Mes 
PROGENY NUMBER (D ev.) (PE) P.E. ACTUAL RATIO 
Black hilum | Brown hilum 
1244 23 0 
1247 24 0 
1248 20 0 
1251 22 0 
Sub-total .... 89 0 
1246 18 4 1.5? 1.37 1.09 4.50:1 
1249 17 5 0.5 1.37 3.65 3.40:1 
1252 13 6 1.0 1.27 0.79 2.17:1 
Sub-total .... 48 15 1.0 2.32 0.43 3.20:1 
1242 9 12 3.0 1.53 1.96 
1243 13 6 2.0 1.46 1.37 
1245 10 9 1.0 1.46 0.68 
1250 16 6 4.0 1.57 2.55 
Sub-total .... 48 33 2.0 3.01 0.66 
* Calculated on basis of 3:1 ratio. 
t Calculated on basis of 9:7 ratio. 
TABLE 45 
Pubescence color in the Fz generation. 
NUMBER PLANTS OBSERVED 
PROGENY NUMBER Dev. P.E. Dev. ACTUAL RATIO 
Tawny Gray ii 
pubescence pubescence 
470 12 7 2.0 1.27 1.58 1.710:1 
801 50 16 0.5 2.37 0.21 3.130:1 
803 42 17 2.0 2.24 0.89 2.470:1 
Sub-total .... 104 40 4.0 3.50 1.14 2.600:1 
Expected 3:1 108 36 
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TABLE 46 
F; generation in pubescence color. Progenies of F2 plants with tawny pubescence. 
NUMBER PLANTS OBSERVED 
PROGENY NUMBER ”XDev.) "EERO P ee ACTUAL RATIO 
Tawny Gray a 
pubescence pubescence 
904 19 
910 14 . 
911 13 
916 16 
920 23 
1153 43 
1160 35 
1162 29 
Sub-total .... 192 
905 14 6 1.0 1.31 0.76 2.3331 
907 11 1 2.0 1.01 1.98 11.00:1 
908 8 8 4.0 4.17 3.42 1.00:1 
912 12 5 1.0 1.20 0.83 2.40:1 
914 12 7 2.0 1.27 1.57 1.9233 
917 17 1 BL 1.24 2.82 17.00:1 
921 11 4 0.0 1.13 0.00 2.75:1 
1152 30 7 2.0 1.78 1.12 4.29:1 
1154 44 5 7.0 2.05 3.42 8.80:1 
1158 28 11 1.0 1.82 0.55 2.5031 
1159 30 4 4.5 1.70 2.65 7.50:1 
1161 29 8 1.0 1.78 0.56 3.63:1 
Sub-total .... 246 67 11.0 5.17 2.13 3.67:1 
Expected 3:1 236 78 
TABLE 47 
F, generation in pubescence color. Progenies of tawny plants of (917). 
NUMBER PLANTS OBSERVED PROBABLE D 
PROGENY NUMBER — ew (PE) PE ACTUAL RATIO 
Tawny Gray 
1244 23 0 
1247 24 0 
1248 20 0 
1249 22 0 
1251 22 0 
1252 19 0 
Sub-total .... 130 0 
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TABLE 47 (Continued) 










































































NUMBER PLANTS OBSERVED PROBABLE 
PROGENY NUMBER — ga esa ERROR ~~ ACTUAL RATIO 
ev.) (P. E.) P. E. 
Tawny Gray 
1242 16 5 0.0 1.34 0.00 3.20:1 
1243 15 oa 1.0 1.27 0.79 3.7531 
1245 12 7 2.0 1.27 1.58 pe i | 
1246 18 4 1.3 1.37 1.09 4.50:1 
1250 19 3 2.5 1.37 1.82 6.30:1 
Sub-total .... 80 23 3.0 2.96 1.01 3.48:1 
TABLE 48 
F3 generation of cross black tawny X brown gray. Progenies of F2 black tawny plants. 
NUMBER PLANTS OBSERVED 
PROGENY NUMBER 
Black tawny Black gray Brown tawny Brown gray 
904 19 0 0 0 
910 14 0 0 0 
Sub-total ....... 33 
911 7 0 6 0 
916 11 0 5 0 
1160 31 0 + 0 
1162 20 0 9 0 
Sub-total ....... 69 0 24 0 
Expected 3:1 70 0 23 0 
908 8 0 0 8 
1158 28 0 0 11 
1161 29 0 0 
Sub-total ....... 65 0 0 27 
Expected 3:1 69 0 0 23 
905 12 0 2 6 
907 7 0 4 1 
912 7 0 5 5 
914 8 0 4 7 
917 14 0 3 1 
1152 22 0 8 7 
1154 32 0 12 5 
1159 19 0 11 4 
Sub-total ....... 121 0 49 36 
Expected 9:3:4 116 0 39 51 
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TABLE 49 


F, generation of cross black tawny X brown gray. Progenies of F3 black tawny plants. 









































NUMBER PLANTS OBSERVED 
PROGENY NUMBER 
Black tawny Black gray Brown tawny Brown gray 
1244 23 0 0 0 
1247 24 0 > 0 
1248 20 0 0 0 
1251 22 0 0 0 
Sub-total ....... 89 0 0 0 
1249 17 0 5 0 
1252 13 0 6 0 
Sub-total ....... 30 0 11 0 
1246 18 0 0 4 
1242 9 0 7 5 
1243 13 0 2 4 
1245 10 0 2 7 
1250 16 0 3 3 
Sub-total ....... 48 0 14 19 
TABLE 50 


Showing the independence of cotyledon and pubescence colors in inheritance. 















































COTYLEDON COLOR aa MASS 2 TOEAL ox aa 

COLOR 21:7312:4: 
(470) | (801) | (803) | (907) | (912) 12:4 
Tawny 9 25 22 - 5 4 65 56 
Bred true for yellow Gray 1 8 10 1 0 20 20 
. : ; Tawny 3 10 9 3 3 28 32 
Segregated in 15:1 ratio Gray 2 3 3 0 3 11 11 
rn . Tawny 0 12 7 2 5 26 32 
Segregated in 3:1 ratio Gray 3 3 4 2 12 11 
NUD < SKA CAE4E we Secor brKe sane 18 61 55 11 17 | 162 162 

x? = 3.162 P = .675594. 
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Showing the independence of cotyledon and hilum colors in inheritance. 




































































































































































PROGENY NUMBERS EXPECTED 
COTYLEDON COLOR HILUM COLOR ecko TOTAL | 63.49. 36: 
(470) (801) (803) | (907) | (912) 28:36:28 
Black 8 18 20 4 3 53 43 
1 
ae ee Brown | 2] 15 | 12 | 2] 1 | 32 33 
: : ‘ Black 2 10 7 1 1 21 24 
eae | oe | 81 8 BL st oe 19 
— . Black 0 10 6 2 3 21 24 
RNS io 3:5 se Bown | 3] 5 | 5 | 0] 4| 17] 19 
WIN oc dkcs cceacacakwescéesee cen 18 61 55 11 17 | 162 162 
x? = 3.370 P = .759944, 
TABLE 52 
Showing the independence of seed-coat and hilum colors in inheritance. 
HILUM PROGENY NUMBERS =xp 
SEED-COAT COLOR rons . TOTAL | 37:91;007 
(470) | (801) | (803) | (907) | (911) | (912) | (916) | (917) 
Green......... Black 9 | 28 | 23 5 6 5 9 | 11 96 91 
Green......... Brown 7 1m iit 3 3 9 5 2 65 71 
Yellow........ Black |} 12 2 1 2 2 2 32 30 
Yellow........ Brown 2 7 2 3 1 0 3 23 24 
TOA .. sce 19 | 64 | 57 | 12 | 13 | 17 | 16 | 18 | 216 216 
x? = .957 P = .809799. 
TABLE 53 
Showing the independence of seed-coat and pubescence colors in inheritance. 
PROGENY NUMBERS 
SEED-COAT COLOR =P UNIOEANCE TOTAL | 9:3:3:1 
(470) (801) (803) (907) | (912) (917) 
GURU. once se scevece Tawny 10 34 28 7 9 13 | 101 105 
er ee ,-| Gray 6 13 12 1 5 0 37 35 
MT «056-40 seiewvacais Tawny 2 14 13 + 3 4 40 35 
MI 0.060 0b-500056 Gray 1 3 4 0 0 1 9 12 
, eee eee 19 64 57 12 17 18 | 187 187 
x? = 1.730 P = .634195 
Genetics 6: N 1921 
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INTRODUCTION 


A plocheilus latipes (Japanese name ‘Medaka’) is a small fish of the 
family Poeciliida very common in our streams and paddy fields. Its 
colored varieties are well known as ornamental fishes. Since, on account 
of their small size, a great many individuals may be bred within a small 
space, they are very suitable objects for breeding experiments. Since 
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1913, experiments have been carried on to investigate the genetic behavior 
of their body color, and some interesting results have been obtained so that 
I think it will be worth while to report them here as a contribution to knowl- 
edge about the genetics of fishes which has till now been very rarely 
investigated. 


MATERIALS AND METHODS 


The brown-black variety was obtained wild from nature, while all others 
were bought from a fancier. Among them, I was able to distinguish four 
varieties, viz., orange-red, white, orange-red variegated with black, and 
white variegated with black (plate 1, figures 1, 3, 5, 2). 

In nature this fish seems to live two years. The young, hatched out 
in summer, spawn at the same season of the next year and soon die, so 
that in autumn all fishes in nature are young and small. In culture their 
life may be prolonged one year more. 

When the fishes are well nourished, they spawn every day early in the 
morning, from the beginning of May to the end of August. According to 
my observations, the number of eggs deposited daily averages 25; the 
maximum was 71. The female carries the spawned egg-mass about half a 
day, when not disturbed. 

For the purpose of rearing the young, I stripped off the egg mass from 
the female with the fingers, and then put the egg masses in a porcelain 
vessel about one foot in diameter, one vessel containing not more than 
five egg masses. The young hatch in about one week after spawning in 
the hottest part of our summer. 

As food for young just hatched, either powder of heated wheat grains 
or any dried flesh is good, while fish which are somewhat grown, if nour- 
ished with small earthworms (Tubificide), grow quite rapidly. The body 
of a full-grown fish measures on the average 30 mm in length, without 
the tail-fin. An aquarium of four square feet in surface area and measur- 
ing one foot and a half in depth may contain 200 adult fishes in a healthy 
condition, if proper care is taken to change the water. 


EXPERIMENTAL RESULTS 


For the sake of brevity, varieties which are more accurately described 
as brown-black, blue-black, orange-red, orange-red variegated with black, 
and white variegated with black, will hereafter be designated simply as 
brown, blue, red, red variegated, and white variegated, respectively. The 
number within parentheses denotes the year when the mating was made. 
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EXPLANATION OF PLATE 


Originally drawn to twice natural size, but reduced to one and three-fourths times natural 
size in reproduction. 

Figure 1.—Orange-red. 

Figure 2.—White variegated with black. 

Figure 3.—White. 

Figure 4.—Brown-black, wild form. 

Figure 5.—Orange-red variegated with black 

Figure 6.—Blue-black. 
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Fig. 2 


Fig. 3 





Fig. 4 Fig. 5 


Fig. 6 
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SEX-LINKED INHERITANCE IN A FRESH-WATER FISH 


Crosses between brown and red 





Experiment 1 
. Brown males were mated to red females (1913). The F; progeny were 
| brown, and indistinguishable from the wild form. The result of their 
inbreeding (1914) was as follows: 
Brown Red 
RIE. cio GIUN ORB V Cb 0s <5'0.0 <6. 05.54 bbs 254 Cop ER EET en senile 865 292 
ES 5 a walsicwa ab beh s-c0ne ve pnaceces souvartas baseehas 867 .75 289.25 


Experiment 2 


Back-cross of experiment 1. Heterozygous brown females were mated 
to pure red males (1914). The result was 


Brown Red 
Se ee cused Su akatecasene eee 937 924 
MES os oh otiv'gn bsaeds once es Seas meee teas eeeeeeeee 930.5 930.5 


Crosses between brown and variegated red 


Variegated red individuals bought from a fancier were all heterozygous 
for variegation, and produced red individuals when bred inter se. By se- 
lective mating, I obtained in 1915 homozygous variegated red individuals 
with which to perform further experiments. 


Experiment 3 


Homozygous variegated red males were mated to pure brown females 
(1915). The offspring were indistinguishable from individuals of the 
pure-bred brown strain. Their inbreeding (1916) gave the following result: 


Brown Variegated red 
SN dian ssiieeind sc.0-dba.es sainc ce anesigeae omesapmb Teen 229 77 
DS 6056 sb. 0600 0:65: 04.64-6-0'06: 00S RASS $4460 TEETER 229.5 76.5 


Experiment 4 
Back-cross of experiment 3. Heterozygous brown males were bred to 
homozygous variegated red females (1916). The result was 


Brown Variegated red 
Sn ka: i5- sho cleanse wioss.b0 su ou 0u.aecaeeweue tees duetiewe 148 148 
NG na CALS cE Wes b.cn ct bSkdos senha sense be eeeee sean 148 148 


Crosses between variegated red and red 


Experiment 5 


Homozygous variegated red females were mated to homozygous red 
males (1915). The F; offspring were all variegated red similar to the 
variegated parents. The F, offspring (1916) were as follows: 
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Variegated red Red 
INS dca Sak Gciawenod cE CObR SS OEE aN bE Ss. 5040 0557 erR Ee 457 161 
RE eae Aon 2s Ree at gern re 463.5 154.5 


Experiment 6 


Back-cross of experiment 5. Heterozygous variegated red males were 
bred to homozygous red females (1916). The result was 


Variegated red Red 
MINE Scalia cininn a6 a 06s SE URNS HA Shas caida aula ee Eage 216 200 
SID 6.5 6505.06 5055 64b NSO DEN REESE OR SO SO 056N0s 65S HERS 208 208 


Though crosses reciprocal to the above six breeding experiments were 
carried out, their details are omitted here because they have given exactly 
similar results. 


Crosses between white females and red males 


White color is a sex-linked character, as explained below, and so the 
sex of the progeny was carefully examined in all the following experiments. 
To avoid error the examination as to sex was made after the fishes were 
fully grown, females being distinguished as such by spawning and males 
by having produced the long dorsal and anal fins. 


Experiment 7 


White females were mated to homozygous red males (1914). The F, 
offspring were all red. The F, offspring (1915) were as follows: 


Red White 
IS dues 5h Shas Gr ak ou eax be he buw han dceweebeseuen 217 76 
MII, cosas vcw ck. 4590-6500 00NCds eeatheb cievcekeoses« 219.75 73.25 

The result of sex examination was 

Red White 
2 o : ee 
IND oid Nice s 05s-bns aw Senkedas ba cweedas 41 76 43 0 
IEEE SEITE OE LE, 39 78 43 0 


Experiment 8 


Back-cross of the above experiment. Heterozygous red males were 
bred to white females (1915). The result was 
Red White 
ois cee cncd tie ca bis eee adinsnnmakissdes 519 502 
ee eee VGN be Se ONES aplee oN #a-s6.6 : 510.5 


ee 


eee ee ee eee eee eee eee ee 
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Crosses between white females and variegated red males 


Experiment 9 


Pure variegated red males were bred to white females (1917). The 
F, offspring were all variegated red. The F; offspring (1918) were 


Variegated red Variegated while Red White 
I oinai-h bcc eeeceuesscne% 279 95 96 30 
PIN. 60:5 ccc eebbsSescccue 281.25 93.75 93.75 31.25 


The result of sex examination was 





Variegated red Variegated white Red White 
g ou g ro g ro g ro 
Observed.......... 46 90 59 0 17 37 17 0 
Expectation........ 45.3 90 .6 59 0 18 36 17 0 


Crosses between white females and brown males 


Experiment 10 A 


Homozygous brown males were mated to white females (1915). The 
F, offspring were all brown. The F, offspring (1916) were 





Brown Blue Red White 

SII iy coarse. bois dice sie Gans se bqsnduanu 248 57 53 21 
a in ed pan bacevecatrotaveakeed es 213.12 71.04 71.04 23.68 

The result of sex examination was 
Brown Blue Red White 

9 a co) roi Q ri g rou 
Observed. ...........-- 77 147 56 0 9 37 19 0 
Expectation.........4.. 74.7 149.4 56 0 15.3 36 19 0 


Experiment 11 A 


Back-cross of experiment 10 A. Heterozygous brown males were mated 
to white females (1916). The offspring were 


Brown Blue Red White 
GI boon eckcwceNeeccewsss 387 317 253 246 
MI oias0.5nses.ccacersecscce 300 .75 300 .75 300 .75 300.75 


The result of sex examination was 


Brown Blue Red White 
_—o_~_ e_e_—_—— ~—_—~ 
g ro g fou g ro g re 
Observed.......... 0 176 214 1 0 135 146 0 
Expectation........ 0 176 215 0 0 135 146 0 
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In the last two experiments the deviation of the actual numbers from 
expectation is rather large, so that I have repeated both experiments. 

In order to reduce as much as possible the influence of differential mor- 
tality among the young of various colors, records were taken at as early a 
stage as was possible. First, at a very young stage, i.e., two or three days 
after hatching, black and colorless young were distinguishable from each 
other and were separated. Secondly, when the young fish had grown to 
about 1 cm in length and the development of xanthophore had become 
conspicuous, those previously classed as “black” were distinguishable either 
as brown or as blue and were separated accordingly, while those previously 
classed as “colorless” were distinguishable as red or as white, and were so 
classified. 


Experiment 10 B 


Repetition (1917-1918) of experiment 10 A. The first inspection of the 
F, generation gave 


Black Colorless 
gr a och 5 0d bcicdd COL ERS OR CAT SEHE Oe Lelene ee eeonaue 2016 667 
SEE At aR TE: 2012.25 670.75 
The black grew into 
Brown Blue 
SL Soo vo sine. siedackc-eu cdweles bed MOU b eM ne eek ROERE 779 244 
ee dono ae 767.25 255.75 
The colorless grew into 
Red White 
I or a cies co inad ANAM e hee na ue ek 329 113 
EEO OCTEN TTT OTT OCCT Te TEE ETE ee 331.5 110.5 
The result of sex examination was 
Brown Blue Red White 
—_ Re_a_—_—~_— > OFT 
2 e 9 e 9 e 9 a 
oO 71 164 59 0 48 131 62 0 
Expectation.......... 78.3 156.6 59 0 59.7 119.4 62 0 


Experiment 11 B 
Repetition (1918) of experiment 11 A. The first inspection gave 


Black Colorless 
ig aia sine kode na uathek ahaa aeee deeb oe aeee en 823 776 
DI a5 6 h6. 65 0 6 etido Sekwesie cisiew Ohcbantiie Seeman 799.5 799.5 
The black grew into 
Brown Blue 
EE eT ee ie mee er Te Eee Oe ee 228 230 


I ie. 6.0'0:6:60. 0506.86. 5b FURL ENSR FO eKE oct es bvcace coh 229 229 
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The colorless grew into 


Red White 
IN 5 ohise 0-5 Sv unseen’ s se.0u d0s50% sdnnneeecton weee son 237 222 
MN, 5.6 bo eons d hd is oe bs0s oepdien a5Sikeouakpeeeaead 229.5 229.5 

The result of sex examination was 

Brown Blue Red White 
— a, _—_—-_ —_—_—— 
9 e 9 o 9 FE) 9 o 
Observed......... 2 120 114 0 0 71 62 0 
Expectation........ 6 122 114 0 0 71 62 0 


Crosses between blue and red 


Experiment 12 


Blue offspring of experiment 10 A were bred to homozygous red males 
(1917). The progeny were 





Brown Red 
Re af ciao ah aike.e:o och: dihvs.d-b aim occ Shue aaa a ee ee 222 234 
IN So 66 oie 00 o5:0% nics c0b 0 de cn cuuenaddewes san soNesee 228 228 
The result of sex examination was 

Brown Red 

9 Fs 9 ea 

I a 10d cc 6 wide we hard osn e ealoee 62 41 69 48 
ee ee ene 54.5 $1.5 58.5 58.5 


Mating white with white 


Experiment 13 


The solitary male which was found among the white offspring in experi- 
ment 8 is the progenitor of all white males met with in further experi- 
ments. He was mated to a white female (1916); the offspring, 149 in 
number, were all white; 108 of them have grown to maturity, 66 being 
female and 42 male. 


Crosses between blue females and white males 


Experiment 14 


The object of this experiment was not only to study the genetic consti- 
tution of blue individuals, but also to obtain blue males. Blue females, 
derived from experiment 10 A, were mated to white males (1917). The 
result was 


Blue White 
I oe oa ed ajb ipso. 0S <4 chinin'ne s s'0.sbh ae ue Sen Sea RIS 146 151 
Bs a:b. 60s cS ce hn na.nc nccv.cccees dbcedees bugs txeenn hae 149 149 


Genetics 6: N 1921 








562 TATUO AIDA 


The result of sex examination was 


Blue White 
g oi g ou 
I ns, oe eee of ve fe ee eT 33 48 51 49 
EO ee Le ee eer Pe ree rere ree 40.5 40.5 50 50 


Crosses between blue and blue 
Experiment 15 


Blue descendants of experiment 14 were bred inter se (1918). The 
progeny were 


Blue White 
EE so Salers Shek G GhAA SH DER ERREN SE OURS RTS RN eke RMTER ON 618 200 
EE OLE. Ce NE eT RE Ce 613.5 204.5 


Crosses between brown and blue 
Experiment 16 


Pure blue females were mated to brown males (1919). The F; offspring 
were all brown. In the F, generation (1920), there were 


Brown Blue 
INNS is: 3)0.0 6° srae. 4:6 eh 46 Re Re Oee we bbe deaetbeeudeNenues 174 59 
eT Oe OE CECT TOE eT Ee 175 58 


Crosses between brown and white 
Experiment 17 


White males were bred to pure brown females (1917). The F;, offspring 
were all brown. The F, offspring (1918) were at an early stage 





Black Colorless 
Ds ccc Gdeabe opeuness APR L eect Seaess boekeescees 1481 532 
ERASE SS Lea 1509.75 503.25 
The black grew into 
Brown Blue 
ONE Geis ORAS Kisin bOee ER RSRR ORR OCRR OT Abbe Used cOideewede 477 150 
ID as athica pind k 656. nd RSKEUSEER ROR OD NERS TOs no RECO NaEm 470 157 
The colorless grew into 
Red White 
CN sc UkanhamekK bab en needs ah bclendbusneekes sda eCkoae 208 69 
MIE is ds ca vecodtcacabed har tekivancucdieneseeurad 207 .75 69.25 
The result of sex examination was 
Brown Blue Red White 
ee, —~ « A ~ e—_——_ 
? o 9 o 9 o 9 E 
Observed........... 173 88 0 79 78 34 0 31 
Expectation.......... 174 8&7 0 79 74.6 37.3 0 31 
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Heterozygous brown males which were the F; offspring derived from 


experiment 17, were bred to white females (1918). 
at an early stage 


Biack 
MINS cigilaheis euisixwdc sox 64 41064 6 0'0h od Hbaaew EMER eae 917 
Go sch aca uve Ve 4c be. sbreeics 43 shah oe ee eaeue tena 952.5 
The black grew into 
Brown 
Aird slab Sica ds ts.ocdciweses ccsacneeeketcomeaceeen 354 
DI sds. ba cba eGlinins a5 60.60 0090'0e5 so es MaeeERORONEE 346.5 
The colorless grew into 
Red 
DI ios eC asidinns Kaine Sade send seed mentaeeete 363 
I sonic 50s co sds od eSinnes,60 4.046454 4400-0 e ERO REED 370.5 
The result of sex examination was 
Brown Blue Red 
9 o 2 oe 8 3 
2 nr ere 157 0 0 148 165 0 
Exbectalion .. ...c60s0s0 157 0 0 148 165 0 


Crosses between red and white 


Experiment 19 


White males were bred to homozygous red females (1917). 
spring were all red. In F, (1918) there were 


Red 
ING ite SSP Te LICL o oin'nie' ca vibe OKs RAS ESE RS ESE 766 
IE Sittrinitigs <.b5 as. 55 0s ad oh 0.0. 24580096aR SE ee RGEA REE 772.5 
The result of sex examination was 
Red 
g 
NE 55554 55g Sd Oe'v.00 dk ne. cuse.buiducs aaeeuee 87 42 
PIES 55 ab edb ibn4 dosed Sensce cdacnesruteucde 86 43 


Experiment 20 


The ofispring were 


Colorless 
988 
952.5 


Blue 
339 
346.5 


White 
378 
370.5 


White 


126 


The F,; off- 


White 
264 
257.5 


White 
—_—_—~__ 


33 
33 


Sow 


Heterozygous red males produced as F; offspring in experiment 19 were 


bred to white females (1918). The offspring were 


Red 
sg <iscacw SL ol Gauls rsa ud’ din 0544s ORC RORSRO RES ERTS ARMS 330 
IR dts 5aGais tanks ws SO 040 ae da ghee eemaeedese hens Mek 327 

The result of sex examination was 

Red 
2 o 
ES sh aicirae a x Sa so sim .h0 sn 0's Saini oa waa ears 135 0 
PIES: Sc RSe Gels So. cn.skcuhs os. cneeene Meaawewn 135 0 
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White 
324 
327 


White 
a 


153 
153 


Sono 
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Crosses between variegated red females and white males 


Experiment 21 


White males were mated to homozygous red variegated females (1917). 
The F; offspring were all red variegated. In the F, generation (1918), 
there were 


Variegated red Variegated while Red White 
REE REA ee eee 157 50 49 ~ 18 
SII. lesen cu veee cane sewen 154.125 51.375 51.375 17.125 


The result of sex examination was 


Variegated red Variegated white Red White 
~~ _—_—-~ —_—oooOoOC —-_—~ 
e a g a g fo g ro 
ne ee 76 35 0 34 27 5 0 6 
Expectation.........00 74 37 0 34 8621.4 10.7 0 6 
DISCUSSION 


Color-producing genes 


White is recessive to any other color and breeds true (experiment 13). 
Red and white, when crossed, segregate out, each to its respective original 
color in the F, generation, according to the simplest Mendelian ratio (ex- 
periments 7, 8, 19, 20), from which we see that red color is produced by a 
single dominant gene which I will call R. The cross between brown and 
red gives also in F; the original colors according to the 3:1 ratio (experiment 
1), from which we see clearly that brown color has one more gene, B, in 
addition to the red-producing R. That the genetical constitution of brown 
should be BR is confirmed by the cross of brown with white, because in the 
F, generation four varieties, brown, blue, red, and white, are produced 
according to the dihybrid ratio, 9:3:3:1 (experiments 10,17). The same 
fact is more directly proven by the result of experiment 12 where the cross 
blue X red gave rise to brown offspring. Blue individuals, which originated 
in my cultures, possess the gene B, which is also contained in brown ones, 
as shown by the results of experiments 14, 15 and 16. Toyama (1916) 
and IsHtwarA (1917) have reported results exactly similar to mine derived 
from crosses between brown, red, and white. 

Variegation is produced by another gene, B’; this is clearly proven by 
the cross between variegated red and red (experiments 5, 6), where we see 
the monohybrid segregation, as well as by the cross between variegated red 
and white (experiments 9, 21) where we see the dihybrid segregation con- 
cerning the genes B’ and R. 
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The action of the above-mentioned color-producing genes may be re- 
garded as follows: 

B is a gene able to produce black pigment or melanophore uniformly 
throughout the whole body; 

R is a gene able to produce yellow pigment or xanthophore; 

B’ is a gene able to produce black pigment only partially in the body. 

In accordance with the foregoing hypotheses, the genetic constitution of 
the several color varieties, when homozygous, would be: brown, BBRR; 
blue, BBrr; red, bbRR; variegated red, B’B’RR; variegated white, B’B’rr; 
and white, borr. 

Triple allelomorphs 


The three colors, brown, variegated red, and red, form a triple allelomor- 
phic series. Any two of them, when crossed, show in F, the 3:1 segrega- 
tion (experiments 1, 3, 5). Brown is dominant to variegated red as well 
as to red, while variegated red is dominant to red. When brown and red 
are crossed, the F, offspring produce brown and red in the ratio 3:1, and 
do not contain any variegated red, which is the characteristic behavior 
of multiple allelomorphs. 

A similar mode of inheritance was described by IBsEN (1919) in respect 
to the black, tortoise, and red colors in guinea-pigs, which are produced, 
respectively, similarly as in our three varieties, by complete extension, 
partial extension, and non-extension of black pigment. 


Sex-linked inheritance 


The results of experiments 7 to 11 as well as 17 to 21 attract our atten- 
tion on account of a remarkable manifestation of sex-linked inheritance. 
When a white female (rr) is mated to a male possessing the R gene in a 
homozygous state, all F, white offspring (rr) as a rule are female. Thus, 
in experiment 8 all white individuals except one, were female, and in the 
cross, white female <X variegated red male (experiment 9), all white and 
variegated white individuals were female, and in the cross white female 
X brown male (experiments 10, 11), all blue and all white individuals, 
except one of each, were female.! 

On the contrary, when a white male is mated to a female possessing the 
R gene in a homozygous state, all F, white, blue or variegated white indi- 
viduals as a rule are male (experiments 17, 19, 21). 

All these peculiar results may be explained in the following way: First, 
the sex inheritance of the fish under discussion belongs to the Drosoph- 


1 That all whites are female without exception has been noticed by Toyama (1916), but 
IsH1warA (1917) had both male and female whites in his experiments. 
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ila type, XX—XY, i.e., to that type in which the female is homozygous 
and the male heterozygous for the sex (or X) chromosome. HuXLEY 
(1920, page 270) recently assumed the same type of sex inheritance to 
occur in the fish, Giardinus. Second, the red-producing gene R is located 
in the chromosomes X and Y. 

The male homozygous for red color has one R gene contained in the X 
and another contained in the Y chromosome, which I represent by Rx 
and R,, respectively; while the female homozygous for red color has one 
R gene contained in each of the two X chromosomes which I represent 
by Rx. 

As a critical test for the above view the results of experiment 8 may be 
cited. In this experiment the male F; offspring derived from the cross 
white female X homozygous red male were mated to white females. Had 
the sex been inherited according to the Abraxas type, in which the female 
is heterozygous and the male homozygous in respect to the sex-determin- 
ing genes, we should expect to have as the result of the experiment, red 
females and males, and white females and males in equal numbers. The 
actual result was quite different; all whites, 197 in number, were female 
except only one individual, while all reds, except 2 out of 253, were male. 
When we assume the Drosophila type in our case, these results are in per- 
fect agreement with the theoretical expectation, as we shall see in the follow- 
ing diagram. 


ryt, (white?) XX R,R, (redo) 
| 
| 








| 
Ryrx (red 2 ) rR, (redo) XX  ryry (white 2 ) 
| 
| | 
Tx%x (white 2 ) 1xRy (red) 
(all white) (all red) 


As above stated, the mode of sex inheritance in our fish belongs to the 
Drosophila type. The Y chromosome in our case differs however from 
what we see in Drosophila, inasmuch as it contains the dominant gene R. 
The production of red (dominant) males from the cross between white 
(recessive) female and red (dominant) male, as seen in the above diagram, 
would be otherwise quite unexplainable. 

All other experimental results concerning sex linkage are equally well 
explainable according to the above hypothesis. Below I will give in the 
form of diagrams the theoretical expectation and the results actually ob- 
tained in experiments 7, 9, 10, 11, 17, 18, 19, 20, and 21. 
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Experiment 7 
R,R, (red) XX  ryry (white?) 
| 





| | 
Rytx (red2) X ryRy (redo) 
| 





| | | 
Ryrx, (red 2 ) 1x (white 9 ) R,Ry (redc") r,Ry (redo) 


Red White 
g fo g roi 
Ee I Be rer 1 2 1 0 
MINNIE, 5b Gon erin oo Abs 5065. sens wee aenoennbewenaa 41 76 43 0 


Experiment 9 
B’B’R,R, (variegated red") X_  bbryry (white 9 ) 
| 





| 
B’bR,r, (variegated red 9) XX B’br,R, (variegated redo”) 
| 











| | 
B’B’R,R, B’B'ryrx\ (variegated bbRyr, (red?) bbryry (white ° ) 
B’B’r,R, |(variegated 2B’bryrx white @ ) 
2B’bR;.Ry redo’) bbr,,.Ry 
2B'br,.Ry | bbR.R,| 7m 
B’B'Ryr,| (variegated 
2B’bRxrx red 2 ) 
Variegated red Variegated white Red White 
? a ? a ? a 9 e 
Theoretical sex ratio. ... i 2 1 0 1 2 1 0 
Oo 46 90 59 0 17 37 17 0 
Experiment 10 
BBR,R, (browns) X _ bbryry (white 2) 
| 
| | 
BbR,r, (brown?) xX _ Bbr,R, (brownc’) 
| 
| | | eee 
BBR,R, BBrxr.. bbR, rx (red?)  bdbryr, (white 2 ) 
(blue  ) 
BBr,,.Ry theewad) 2Bobrs. rx 
2BbR,.Ry bbR,.Ry (red”) 
2Bor,,.Ry bbr,,Ry 
BBR,r, 
OBR, \(brown 9) 
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Brown 





Blue Red White 
— “-_—__— ~~ —"~_ 
g ro g ro g rol .°] fou 
Theoretical sex ratio. .... 1 b 1 0 1 2 1 0 
COBNIOR . 5.5.5.6 ce00.- 148 211 115 0 57 168 81 0 
*Sum of the results of two experiments, 10 A and 10 B. 
Experiment 11 
Bbr,Ry, (brownce’) X_ bbryr, (white 9) 
| 4 
Bbr,.R, (brownc) Bobr,r,, (blue 2 ) bbr,Ry (redo) bbryrx (white ) 
Brown Blue Red White 
Theoretical sex ratio..... al # all 9 al¢ all 9 
Observed (the sum of the 
results of two experi- 9 - oe a . «a eae 
ments, 11 A and 11 B) 2 286 328 1 0 206 208 0 


Experiment 17 


BBR,R, (brown?) X_  bdbryry (whitec”) 














| 
BbR,r, (brown?) X BbRyry (brownd’) 
| 
| IES* 
BBR,R, BBrxry (blue) bbR,Rx (red 2 ) bbryry, (whitec”) 
BBRyrx meen?) 2Borxry bbRy1rx 
2BobR,.Rx 
2BbRx1x bbRyry (redo) 
BBRyry 
2BOR.r, | browns) 
Brown Blue Red White 
9 oe 2 g g 
Theoretical sex ratio..... 2 1 0 1 2 1 0 1 
UN, 5.06 dinrces chee 173 88 0 79 78 34 0 31 
Experiment 18 
BbR,r, (browne?) X _ bbryry (white 9) 
| 
BbR,rx (brown @ ) Bor yr, (bluec”) bbRyry (red 9 ) bbryry (whitec”) 
Brown Blue Red White 
Theoretical sex ratio. .... all 9 alld all 9 all? 
9 a g a g a g a 
SN <5 oN ickcas ests 157 0 0 148 165 0 0 126 
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Experiment 19 
RR, (red?) X = ryry (whitec”) 
| 





| | 
Ryrx (red 2 ) x Ryry (redo) 





| | 
R,R, (red 2 ) Ryry (red 2) Ryry (rede) tx1y (whitec") 





Red White 
g g 
TBOROUICEl BOK THIRD. onc coos oc ci ccscccceeds 2 1 0 1 
NS cic A hers ooh wie oS cee iawine deed cdot 87 42 0 33 


Experiment 20 
Ryr, (redo) X_ ryry (white?) 
| 





| 
Ryrx (red 2) rxty (whitec”) 





Red White 
FRONT GRE BING. 6s oi 0.5 55h 0 occcencescec< all9 all? 
—ooOeoro 
g roi 2 ro 
IG ia. k ood purekass tec seis deb ecmum cats 135 0 0 153 


Experiment 21 
B’B'R,R, (variegated red?) XX  bbryry (whitec") 
| 





| | 
B’bRyr,, (variegated red?) X B’bR,ry (variegated redo”) 
| 





| 
bbryr, (whitec") 


| | | 
B’B'R,R, B’B’r,r,| (variegated bbR,R, (red 9) 
B'B'Ryr, | (variegated 2B’B’r,r,| whitec") bbRyr, | 
2B’bR,Rx red 9 ) 
2B’bRyxrx bbR,ry (redo) 
B’B’ Rr, | (variegated 
2B’bR,ry redo’) 
Variegated red Variegated White Red White 
2 e Q eo 9 g 
Theoretical sex ratio...... 2 1 0 1 2 1 0 1 
6 rs 76 35 0 34 25 5 0 6 


Location of the dominant gene R in the Y chromosome 


One of the notable features in the sex-linked inheritance above described 
is the fact that the Y chromosome contains the dominant gene R. All 
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red males bought from the fancier were homozygous for that color. That 
the wild brown male contains the R gene in its Y chromosome is to be seen 
clearly from the results of experiments 10 and 11. Since the Y chromosome 
is inherited by the male, exclusively, and consequently goes from the father 
to his son only, all males contained in the progeny of any mating to which 
either a red or a brown male is a party, possess the géne R, i.e., they are 
red, red variegated, or brown; whilst all individuals lacking the gene R, 
ie., white, white variegated, or blue, are female (experiments 7, 8, 9, 10 
and 11). 

According to the investigations hitherto reported, the Y chromosome 
in the Drosophila type and also the W chromosome in the Abraxas type 
(corresponding to the Y chromosome in Drosophila) are known to possess 
no dominant gene, so that all characters contained therein are recessive 
in genetic behavior. The fact that in our fish this chromosome carries 
a dominant gene instead of a recessive is very interesting, and will bring 
out a certain important significance of its existence. 


Crossing over between the sex chromosomes 


No example of crossing over between a sex chromosome and any other 
chromosome has been reported till now, and it has been supposed that, be- 
cause this is so in the heterozygous sex, the X and Y chromosomes are not 
exactly homologous to each other so as to permit the crossing over of genes 
between them. In my experiments the crossing over of the R gene be- 
tween them seems not to be very rare. In experiment 8, in which all red 
were expected to be male and all white to be female, two reds out of 253 
were female (R,7x) and one white out of 198 was male (r,r,). In 
experiment 11 A, where all blues were expected to be female, one out of 
215 was male (Borsry); and in experiment 11 B, where all browns were 
expected to be male, two out of 122 were female (BbR,r,). 

The production of such unexpected individuals is, in my opinion, best 
explained by assuming the crossing over of the R gene from a Y to an X 
chromosome. One might perhaps think that it may be caused by the 
process of non-disjunction discovered by BripcEs (1916). But if this 
were the correct explanation, all exceptional females would have three 
sex chromosomes, viz., two X and one Y chromosome, and all exceptional 
males would have only one X chromosome. Thus the constitution of the 
red female in experiment 8 should be r,7,R,, that of the brown female 
in experiment 11 B should be Bor,r,R,, that of the white male in ex- 
periment 8 should be 7,0, and finally that of the blue male in experi- 
ment 11 A should be Bbr,0. The results of experiments 17, 18, 19, 
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20, and 21, in which the male ofispring of the exceptional white male de- 
rived from experiment 8 were mated to various females, would then have 
to be explained by assuming the constitution of the original male to have 
been 7,0. 

In order to settle the question, which of the two views,—crossing over 
or non-disjunction,—will better explain the production of unexpected in- 
dividuals, the result may be cited of a mating between heterozygous red 
females and males (experiment 22, not previously described in this paper). 

The red mothers in this experiment were F, offspring from the cross 
white 2 X brown o (experiment 10 B) and should have the constitution 
R,, rx , while the red fathers were F; offspring from the cross brown 9 
X white o(experiment 17) and should have the constitution either R,r, 
or R,0, according as we adopt the view of crossing over or that of non- 
disjunction. The result of the cross was 


Experiment 22 (1919) 
Red@ (Ryrx) X Redo (Ryry or R,0) 
| 


| | 





Red White 
Caso s sc tnb cclowlsslndens ses 451 149 
EE, hkic ceca sacccun ve sdd 450 150 





Red White 
=_—_o_ 
g fou g a 
IE Sa Zeccunlh'n wo hi4-46 sw wsiae ioe eben En 146 57 2 80 
IN 50:5 60 45 0 0.00 00'0s odes cS eseseoeeee 135.4 67.7 0 82 


Here also two unexpected white females were produced. If we consider 
the constitution of the red male to be R,0, the production of the white 
females is not explainable, because the white female should have two 
X chromosomes, i.e., should contain r,r,, but in the cross of R,r, fe- 
male with R,0 male there would be but one single gene r. By assuming 
the constitution of the red male to be Rr, and supposing moreover that 
the crossing over takes place between the chromosomes R, and r,, so 
that chromosomes r, and R, are thereby formed, the production of 
ry? may clearly be explained. We are led consequently to the conclusion 
that the production of the exceptional red females and the white male in 
experiment 8 is due, not to the process of non-disjunction, but to the cross- 
ing over of the R gene between the X and the Y chromosomes. As to 
exceptional individuals produced in experiment 11 my endeavors to 
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determine their origin have been thus far in vain, though their production 
by crossing over seems to me to be highly probable. At present, my data 
concerning this question are yet very scanty, and I am unable to make 
any further inference in this respect, but I hope to be able to give much 
more detail in a future paper, because the experiments for the purpose are 
now in progress. 


SUMMARY 


1. In A plocheilus latipes Temmick and Schlegel, the wild form is brownish 
black but four novel color varieties are known, viz., orange-red, orange- 
red variegated with black, white, and white variegated with black. 

2. The genetic consequences of a mating between any of the three forms, 
brown, red, and white, are quite simple. Brown is produced by the genes 
B and R, red by the gene R and white contains no dominant gene. 

3. In the F; generation of the cross between brown and white a new vari- 
ety of a blue-black color first made its appearance. It is characterized by 
the dominant gene B. 

4, Variegation is produced by the gene B’. The three genes, B, B’, 
and the recessive 6, form a series of triple allelomorphs. 

5. Sex inheritance is of the Drosophila type, XX—XY, i.e., the female 
is homozygous and the male heterozygous in respect to the sex-deter- 
mining genes. 

6. In the male homozygous for the R gene, one R is carried by the Y 
chromosome. Since this chromosome is transmitted from male to male, 
whatever the genetical constitution of the female may be, all male progeny 
contain the R gene, and consequently neither white nor blue males are nor- 
mally produced. 

7. Crossing over of the R gene between the X and the Y chromosomes was 
found not rarely in the offspring of back-crosses between heterozygous 
brown or red males and white females and also matings of heterozygous red 
males with heterozygous red females. 
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Postscript.—The manuscript of the present paper was sent to Dr. 
SHULL at the end of April 1921. On the last day of May, “Science,” Vol. 
53, No. 1371, published April 8, came to my hands, and on reading there 
the paper of Dr. CasTLE, entitled “A new type of inheritance” (pp. 339- 
342), I first became acquainted with the investigation of Dr. Scummprt of 
Copenhagen, concerning the “Millions fish,” Lebistes reticulatus. ‘Though 
I am not yet able to get his original paper, published in “Comptes rendus 
des Travaux du Laboratoire de Carlsberg,” Vol. 14, No. 8, 1920, his ob- 
servations as described in “Science” are as follows: A conspicuous black 
spot occurring on the dorsal fin of the male in one race of this species is 
transmitted exclusively from father to son, regardless of the mother’s 
ancestry. Several cross-experiments have led Scumipt to the conclusion 
that the dominant gene causing that sex-linked character must be located 
in the Y chromosome, which has been considered till now to be quite 
“empty,” especially in Drosophila. 

The discovery of Dr. Scumipt consequently accords well with what I 
have observed in A plocheilus lalipes, and have described in the present 
paper, though the two cases differ in several minor details.? It is very 
interesting that the new mode of inheritance of exactly similar type was 
found by Dr. Scumipt and me quite independently from each other at 
almost the same time, especially so because both relate to the same animal 
group—the fishes. 


2 EDITORIAL NOTE. It should be pointed out, in justice to the author, that his observations 
go beyond those of ScumuprT in the important respect of showing the occurrence of crossing over 
between the X and the Y chromosomes.—W. E. CasTLe. 
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In a recent paper the writer (Davis 1918) assembled a considerable 
body of data in support of the conclusions of DE VRIEs that the characters 
distinguishing Oenothera brevistylis from Oe. Lamarckiana are closely linked 
and segregate from crosses with Lamarckiana on the basis of a simple 
monohybrid situation. Thus the characters of brevistylis are recessive to 
those of Lamarckiana in reciprocal F; generations; they segregate sharply 
in F, generations from selfed F, plants, and also in double reciprocals, in 
proportions close to the monohybrid ratio of 1 : 3; they segregate in back- 
crosses of the F; plants to the recessive brevistylis in proportions close to 
the monohybrid ratio of 1: 1. 

There were, however, in the results, some apparently rather constant 
variations from expectations in the ratios, and smaller proportions of 
brevistylis plants seemed to be correlated with a lowered seed viability, 
indicating that conditions which reduced the percentages of viable seeds 
also lowered the proportions of brevistylis plants. It was suggested that 
environmental factors such as malnutrition might eliminate some of the 
zygotes and embryos which under more favorable conditions, would live 
to develop into brevistylis plants. An experimental method of attack on the 
problem was formulated and has been tried out with the results presented 
in this paper. 

The plan of experimentation was as follows: When cultures of an Fi 
generation of reciprocal crosses between brevistylis and Lamarckiana are 
started in the hot-house and set out early in the spring, plants may be 
selfed and a harvest of seed collected by the middle of August. The plants 
at this time are still in fine flower and in the long summers of Philadelphia 
a second harvest of selfed seed may easily be obtained before the plants 


1Genetical studies on Oenothera, X. Contribution from the Botanical Laboratory, 
UNIVERSITY OF MIcuIcAn, No. 186. 
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are killed by frost. Thus it is possible to experiment on selected plants 
the breeding behavior of which may be established by cultures from seed 
ripened earlier in the flowering season. Following this procedure plants 
from reciprocal F,; crosses were selfed early in July and their seed collected 
about the middle of August. After this first harvest the same plants 
were again selfed and, following fertilization, the leaves and branches were 
removed from the plants so that the second harvest of seed was ripened 
under conditions of malnutrition. 

A first set of experiments started in 1917 showed that it is not easy to 
hinder the production of seed in these plants, for the removal of as many as 
three-quarters of the leaves and branches did not appreciably affect the 
ratio of brevistylis segregates in the F; from seeds ripened under what might 
seem to be adverse conditions. It is only when all leaves and all branches 
are removed and the main shoot with its few selfed ovaries stands as a bare 
stem that marked modifications of the proportions of brevistylis and per- 
centages of germination became apparent. This paper describes results 
from a series of experiments with F, plants made in 1919 in Philadelphia, 
the F; generation being grown at Ann Arbor, Michigan, in 1920. In this 
series all of the leaves and branches were removed from the plants under 
experiment. 

Table 1 gives the plants of the reciprocal F; generations upon which 
experiments were made, the number of flowers in each second selfing, and 
the number and condition of the capsules resulting from these selfings at 
the death of the plants in September. It is to be noted that the plants 
rarely matured all of the capsules from the second selfings, many of them 
shriveling up, and also that the capsules actually ripened were frequently 
shrunken or small in size. 

The F, generations from selfed seed of the F, plants listed in table 1 were 
then two in number for each plant,—one culture from seed ripened under 
normal conditions and another from seed of the second harvest developed 
under conditions of malnutrition. The companion cultures were grown 
side by side in the hot-house and in the field and the seed germination was 
forced after the following method: The seeds after soaking in water for 
24 hours, were subjected to alternate exhaust and pressure up to 45 pounds 
in a metal case, 4 times in 24 hours, and were then placed on pads of wet 
filter-paper in Petri dishes. The seedlings were set out in pans and the 
residue of sterile seed-like structures saved to determine the percentage of 
germination. Germination following this method was found to be complete 
for all viable seeds.? 


2 For details concerning the method of forcing Oenothera seeds to complete germination, 
see DE VrIES (1915), and Davis (1915, 1918). 
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TABLE 1 





List of F 1 plants from which second harvests of selfed seed were gathered following conditions of 
malnutrition induced by removing from the plants all leaves and all side branches. 








ALL LEAVES 
NUMBER OF AND 
Fi PLANT cross | SECOND SELFING| FLOWERS | ALL SIDE |PLANT DEAD| SECOND HARVEST 
SELFED BRANCHES 
REMOVED 
19.58,1-2 | Lx b | Aug. 16 4 | Aug. 18 | Sept. 6 " small shrunken 
capsules 
+ medium-sized 
19.58, I-3 mae “12-16 4 “ 16 oe shrunken cap- 
sules 
19.58, III-3 “ “ “ 42-15 7 “ 47 “ 43 ? medium-sized 
capsules 
3 medium-sized 
19.58, VI-3 enim “12-16 4 ee oe shrunken cap- 
sules 
19.58, VII-3 | “ “ “ 14-16 6 “wil « 6 ¥ small shrunken 
capsules 
(3 medium-sized 
19.59, I-1 bX L “ 12-14 8 “ 23 - > «@ shrunken cap- 
sules 
19.59, 1-3 “ “ “ 42-15 6 “ 47 “ 43 ? medium-sized 
capsules 
5 medium-sized 
19.59, II-1 as “ 12-16 6 ~ we shrunken __cap- 
sules 
19.59,IV-i1 |“ “| “ 1246] 7 “wl “ 6 ? small shrunken 
capsules 
1 large and 3 me- 
19.59, IV-2 a “12-15 7 e e = dium-sized cap- 
sules 
19.59, V-1 “ “ “ 49-14 8 “ 16 “ 43 1 large and 4 
small capsules 
19.59, V-2 “  « “ 49-45 7 “ 47 “ 6 x large shrunken 
capsules 
19.59, V2 |“ “| “ 1245] 10 «wile 6 ° large shrunken 
capsules 
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The results of the F, generations from the reciprocal F; hybrids are given 
in tables 2 and 3 with the more interesting cultures placed first in the tables. 
A column headed ‘‘remarks” gives the loss by death of seedlings or of 
plants in the field, data which will make clear the percentages of germina- 
tion obtained. Seedlings recorded as stumpy constitute a definite class 
peculiar in that no root develops from the end of the hypocotyl and although 
the seedling becomes green it can live but a few days. The plants other 
than brevistylis and Lamarckiana are counted with Lamarckiana in deter- 
mining the proportions of brevistylis in the culture as a whole. This means 
that the mutants such as nanella, oblonga and scintillans have never pre- 
sented brevistylis characters except for one case of a manella-brevistylis 
(table 3, culture 20.76) which will be described later. 

Table 2 gives the data in cultures from selfed seed of 5 F; plants of La- 
marckiana X brevistylis. The cultures are arranged in pairs the results of 
the experiments (even numbers) following the data from seed ripened under 
favorable conditions. Cultures 20.53 and 20.54 show a very sharp con- 
trast between normal expectations and results from the experiment; the 
percentage of germination falls from 30.7 to 7.8, the ratio of brevistylis 
falls from 1:2.81 to 1:10.5, and there is a very large number of stumpy 
seedlings as the result of the experiment. Cultures 20.55 and 20.56 illus- 
trate a similar correlation of low percentage of germination with a lower 
proportion of brevistylis. ‘The number of plants in the experimental cul- 
tures 20.52 and 20.58 are small but there were no brevistylis present and 
both cultures show a low percentage of germination and proportionately 
large numbers of stumpy seedlings. The culture listed as 20.60 is one of 
the few cases in which the treatment did not markedly lower the percentage 
of viable seeds and the ratio of brevistylis, 1:4.47, is not much smaller 
than the ratio, 1 :3.79, recorded from the seed produced normally by that 
plant; also, in 20.60 there was but one stumpy seedling. Taking the set 
of 10 cultures as a whole it is noteworthy that stumpy seedlings appeared 
only in the experiments, and in some of these, 20.54 and 20.58, the num- 
bers were large. 

Table 3 gives the data in cultures from selfed seed of 8 F; plants of brevi- 
stylis < Lamarckiana. As in table 2 they are arranged in pairs so that 
the results of the experiments may be readily compared with the data from 
normally ripened seed. Cultures 20.67 and 20.68 show the sharpest con- 
trasts in all of my results between the experimental and normal conditions; 
the percentage of germination was lowered from 27.7 to 6.3, the ratio of 
brevistylis fell from 1:2.83 to 1:17, and there were 6 stumpy seedlings 
from the experiment. Cultures 20.65 and 20.66 show the same trend and 
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the experiment in this case is of especial interest be-ause of its large pro- 
portion of stumpy seedlings in contrast to the complete absence of these 
abortions from seed ripened under normal conditions. Culture 20.70 
illustrates the very exceptional case in which the percentage of germination 
in the experiment is higher than that of the normal, 20.69, although the 
ratio of brevistylis was markedly lower, suggesting that there may be other 
factors in the experiment beside the malnutrition of the developing seeds. 
Then follow a group of cultures (20.75 and 20.76, 20.73 and 20.74, 20.61 
and 20.62, 20.71 and 20.72) in which the percentage of germination and 
the ratio of brevistylis are consistently lower in the experiments although 
the contrast is not so marked as in some other pairs; stumpy seedlings were 
present in all of the experiments, the proportions being very large in 20.76 
and 20.62. Culture 20.76 gave the only instance in all of my cultures 
(totaling about 5000 plants during three seasons) of the union of brevistylis 
characters with those of a mutant; in this case the association was with the 
characters of nanella giving a nanella-brevistylis. Cultures 20.63 and 20.64 
would be of greater interest if the experiment had supplied more than the 
single plant which matured; the treatment in this case was so severe that 
from 7 flowers pollinated in the experiment only 2 small shrunken capsules 
were ripened and the 175 seed-like structures gave only 8 seedlings of which 
5 were stumpy and 2 died in the seed pans. In this set of 16 cultures it is 
again important to observe that the stumpy seedlings were developed al- 
most wholly by the experiments. 

Considering the combined data as presented in tables 2 and 3, a corre- 
lation of three principles may be noted. First, in each of the 13 pairs of 
cultures the ratio of brevistylis to other plants is less in the experiment than 
in the culture from seed ripened under normal conditions. Second, for 
each pair the percentage of germination is lower in the experiment with the 
single exception of culture 20.70 in table 3. Third, the large class of stumpy 
seedlings (those in which a root fails to develop from the hypocotyl) is 
found almost wholly in the experiments. This is the evidence for the 
writer’s view that malnutrition of developing seeds in the F,; generations of 
this material lowers the ratio of brevistylis segregates in the F, and in double 
reciprocals by increasing the mortality of brevistylis zygotes or embryos. 
The fact of the higher death rate is clearly shown in the lower percentage 
of viable seed following the experiments and the large class of abortive 
seedlings called “stumpy.” The hypothesis holds that through this 
increased mortality the brevistylis class suffers proportionally to a greater 
degree than does the class of Lamarckiana. 
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That the class of Lamarckiana suffers with brevistylis under the condi- 
tions of the experiment is brought out clearly in table 4. There is given 
in the last two columns of this table for the experiment in comparison with 
normal conditions the percentages of Lamarckiana and brevistylis to the 
number of seeds sown. In all cases (except for the pair 20.69 and 20.70) 
the percentage of Lamarckiana declines sharply in the experiment, but in 
all cases the percentage of brevistylis falls to a much greater degree and 
consequently there is the final result in the experiment of a smaller ratio 
of brevistylis to Lamarckiana. Thus in the pair 20.53 and 20.54 the per- 
centage of Lamarckiana in the experiment fell from 21.1 to 3.5 or to about 
one-sixth of the normal, but the percentage of brevistylis in the experiment 
fell from 7.7 to 0.3 which is one-twenty-fifth of the normal. 

HERIBERT-NILSSON (1920) has recently shown that tubes from differ- 
ent genetic types of pollen may grow down the long styles of Oenothera 
at different rates, making possible greater proportionate numbers of fer- 
tilization by those pollen tubes that reach the ovaries first. He offers 
plausible explanations of some peculiar departures from expectations in 
segregation on this hypothesis of an elimination of gametes through the 
slower growth of their pollen tubes. This factor, even if present in the 
brevistylis-Lamarckiana crosses, would not account for the results of the 
experiments here described because, as shown in table 1, the pollinations 
of the selfings were made at least two days before the plants were stripped 
of leaves and branches. By this time the flowers had withered and fallen 
from the plants so that relations between pollen-tube and style could not 
have been disturbed by the conditions of the experiment. 

A considerable 1ange of variation in the ratio of brevistylis to Lamarck- 
iana in segregation under normal conditions is shown in tables 2 and 3 of 
this paper and was noted in my earlier paper of 1918. Thus when expec- 
tations called for a 1:3 ratio there has been a ratio of brevistylis to La- 
marckiana as high as 1:2.35 based on a family of 124 plants (table 2, cul- 
ture 20.55), and as low as 1 :3.79 in a family of 139 plants (table 2, culture 
20.59). These irregularities in ratios in cultures developed from seeds 
ripened under favorable conditions and forced to complete germination 
suggest that other factors in addition to malnutrition of seeds may affect 
relative proportions of brevistylis, but such have not yet been isolated. It 
would not be surprising to find some differences between brevistylis and 
Lamarckiana in the germination of pollen or the rate of pollen-tube growth 
and some such differential may at times be accentuated by conditions of 
style or stigma to a point at which marked departures from normal be- 
havior may take place. 








GENETIcs 6: N 1921 














BRADLEY MOORE DAVIS 


582 


















































93}9S01 JIVMp 
P2Ava]-MOIILU T 
9999S01 JIVA\P sajns 
PeAva]-peolq T -ded pazis-uinipeul Z quoumnadx 
Pap ssuyjpoes ¢ | FHS: T SUDTTPINIOS ¢ 7 oT £°9¢ C67 »  » 01°07 
r ayns 
-ded pozis-uinipour | 
parp ssuyppaes Z | Eh E71 wsuonqot| Lb +1 9°82 27 e-I ‘6S°61 69°02 
P2Ip sBul[pses 19430 F sarnsdeo 
perp 9399801 JIVMP T uayuniys a81R] ¢ quowedxy] 
yory sBurppaes Aduinys Tg | HL: 7 myuoetT) St $ 8°ST 98h »  » 99°07 
SUDIINULIS Z | 
P[9y 243 Ul parp yueyd | DBu0190 Z sajnsded a2] Z 
parp sduyppees Z | L0°¢:1 mT | «Tet It Z'9¢ L6b Z-A “6S°61 $9°0Z 
sajnsdvo uayuniys 
perp p2zis-winipou ¢ quowredx 7] 
yorya sBuyppees Aduinys g LUT Lt T "9 6LE » oo» 89°02 
SUDIINULIS T ainsdes a81r] J 
perp ssuypeas ¢ | Eg°Z:T 30190 | | 99 ¥7 L’lé ere II “6S°61 19°07 
| 
SINVId | 
4aHLO ANY NOIL 
_—_ “a | eee | ae | eS | ae | saeeneee naan | *¥azan9 
SITALSIATUG | ~INDOUdd 
40 OLLVa 





*[ 91QD] UL PAZtADULUNS PUD 1x9] ay] UL pagiadsap UOYajnusvU fo suOYIpUOD DJUaUKILIgG xd BY} 


4apun uosvas ayy fo {ivy 49110] 24] Ut pamnposd paas moss S4aquinu uana ay] ‘KjjDIUALOU pad ojaaap paas Wwoaf S4aquinu Ppo ay} ‘(249 


‘p9'02 Pur foo ‘29°02 PUP [9'0Z) S4ivd U1 padno4sd av Sa4nqjnd ay J 


£ aATavL 


“pUuDIyIDULDT XK syksstaaag fo spunjg ‘yz 8 fo paas pafjas worl %y ay] Ut saanqjnD 





583 


az 
S 
— 
= 
<= 
) 
Ps] 
) 
o 
=] 
n 
Z 
_ 
wn 
iy 
= 
e 
el 
2 
<= 
4 
P 
o 
5 
9 
% 
Lama 
a 
Z 
t 
Z 
S 
_ 
= 
_ 
ea 
5 
P 
4 
a 





Pep sSurppoes 19430 Z 


pelp 
Yoty sZut[pees Adurnys ¢ 


saynsdeo 
usyuniys |[euls Z 
SLT 





Plog Oy} Ur parp ued 7 
Lat 
yIy BZurypees Aduinys | 


amsdeo a2] T 
Ile 





perp 
qoIyM sSurppsas Aduinys ¢ 


SUDIINULS ¢ 
13U0]90 





ajnsdes a2] T 
$62 





Palp sBurppaas 9 


SUDIINUIIS T | 
DIJaUDU Z | 


gynsdeo a21R] | 
els 





PaIp sBul[paas 19430 ¢ 


perp 
qoty sZurl[pses Aduinjs ¢7 


sajnsdeo uayuniys 
p9ZIs-WINIpaul ¢ 
brs 





Palp Burppaas | 


jieMp 
P2Avd]-MOIIVU T 


ans 
-ded pazis-winipour | 
CLZ 


19°02 





PIIp sZurppoas 19430 ¢ 


Pop 
yoy sZurpses Aduinjs ¢ 


DSU0190 


ainsdes a3] [ 
8h7 


quoumiedxy] 
bl 072 





parp sBurppaas Z 


SUDIINUIIS J 


97 


ainsdeo a81R] T 
10P 


£L°02Z 





perp sBurppses 19430 Z 


Pip 
yotya\ sBut;paas Aduinjs gT 


Syhysta 
-949-D]JIUDU | 
IT 


saynsdeo 
uayuniys a31e] ¢ 
8s 


yuounadx 7] 
91°02 





PI°y Oy} Ur parp yuryd 7 
Pop 
qoIyM sZurppoas Aduinjs Z 








SUDIINUIIS Z 





97 








(an X4 





sajnsdvo of1v] Z 
98h 





Z-ITA ‘6S°61 








(panunuos) ¢ ATAVL 


N 1921 


GENETICS 6 








The percentages of Lamarckiana and brevistylis to the number of seeds sown. 


TABLE 4 





A comparison of 


the experiments through which seeds were ripened under conditions of malnutrilion 
with the results from seeds ripened under normal conditions. 

































































™ PERCENTAGE OF|PERCENTAGE OF 

CULTURE cross | seeps sow | LAMARCKIANA | BREViSTYLIs |_TAMARCKIANA | BREVISTYLIS 

20.51 LX b 406 63 26 455 6.4 

20.52 = , 145 3 0 2.1 0 
Experiment 

20.53 “ " 417 88 32 21.1 Fe 

20.54 ” e 563 20 2 2 0.3 
Experiment 

20.55 « - 454 86 37 18.9 8.1 

20.56 = = 374 11 3 2.9 0.8 
Experiment 

20.57 ™ " 420 88 32 20.9 7.6 

20.58 - 256 + 0 1.6 0 
Experiment 

20.59 << oss 484 109 29 ae.0 5.9 

20.60 26 sn 395 84 19 a1 .3 4.8 
Experiment 

20.61 bX 272 47 15 17.3 5.5 

20.62 - - 544 29 7 5.3 13 
Experiment 

20.63 i 3 311 63 22 20.2 7.0 

20.64 = - 175 1 0 0.6 0 
Experiment 

20.65 “ vs 497 121 41 24.3 8.2 

20.66 = " 486 3 tan 1.0 
Experiment 

20.67 re " 343 66 24 19.2 6.9 

20.68 i “ 379 17 1 4.5 0.3 
Experiment 

20.69 = i 224 47 14 20.9 6.2 

20.70 ss ‘i 292 82 16 28.1 a5 
Experiment 

20.71 - - 573 144 49 25. 8.5 

20.72 _ - 295 62 16 21. 3. 
Experiment 

20.73 ™ ? 401 86 26 21.4 6.5 

20.74 ” 9s 248 37 8 14.9 3:2 
Experiment 

20.75 - - 486 82 26 16.9 oa 

20.76 = 9 558 58 12 10.3 2.1 
Experiment 
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There are listed for these cultures in tables 2 and 3 the variants which 
appeared. ‘These were readily identified as mutants described by DE VRIES 
except possibly the type that is given as scintillans. This form has most 
of the characters in the description of scintillans and its low seed production 
indicates the probability of its being triploid in chromosome count, but 
it has not been tested in this respect. The cultures from the experiments 
gave a larger proportion of mutants than were present in the normal cul- 
tures and about the same variety. Thus there were 15 mutants in a total 
of 546 plants from the experiments or 2.7 percent, while the normal cul- 
tures totaling 1488 plants gave 25 mutants or 1.7 percent. Apparently 
the mutants did not suffer from the treatment of malnutrition proportion- 
ately more than did Lamarckiana and brevistylis. 


SUMMARY 


1. Harvests of seed from selfed plants in the F, generation of reciprocal 
crosses between brevistylis and Lamarckiana were collected by the middle 
of August; these gave F; generations from seed ripened under normal con- 
ditions. Following the collection of the first harvests the F; plants were 
again selfed and then all of the leaves and side branches were removed so 
that second harvests of seed were ripened under experimental conditions 
of malnutrition; these gave F, generations from seed ripened under condi- 
tions of malnutrition (table 1). The F, cultures then grouped themselves 
in pairs, a normal and an experimental culture having the same F; parent 
plant. All cultures were grown from seed forced to complete germination. 

2. The experimental cultures (from seed developed under condition of 
malnutrition) showed uniformly a smaller percentage of brevistylis segre- 
gates, and there were such extreme ratios as 1:17, 1:10.5, 1:7.4, 1:5.4, 
etc., when the ratios in the normal cultures were close to 1:3. These 
lower ratios of brevistylis in the experimental cultures following malnutri- 
tion of seed were consistently correlated with lower percentages of ger- 
mination (one exception), and with the presence in the experimental cul- 
tures of large numbers of abortive seedlings, called ‘‘stumpy” because a 
root failed to develop from the tip of the hypocotyl. This is the evidence 
for the writer’s view that malnutrition of developing seeds in the F; genera- 
tion of this material lowers the ratio of brevistylis segregates in the F, 
by increasing the mortality of brevistylis zygotes or embryos. 

3. Since the leaves and side branches were removed from the F;, plants 
after the flowers, following the second pollination, had withered and fallen, 
relations of pollen-tube to style could not have been a factor in determining 
the lower ratio of brevistylis to Lamarckiana obtained in the experiments. 
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4. The class of Lamarckiana, as shown in table 4, also suffered with 
brevistylis under the conditions of malnutrition, but in all pairs of cultures 
the percentage of brevistylis fell to a much greater degree and consequently 
there resulted in the experiments always smaller ratios of brevistylis to 
Lamarckiana than in normal cultures. 

5. Mutants appeared in both sets of cultures with a slightly larger per- 
centage in the experiments indicating at least that they did not suffer from 
the treatment of malnutrition proportionately more than did Lamarckiana 
and brevistylis. 

6. A plant of xanella appeared with brevistylis characters giving the com- 
bination nanella brevistylis. This is the only observed instance in cultures 
of three seasons, totalling about 5000 plants, of the union of brevistylis 
characters with those of a mutant. 
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Lockwoop, Epna K. 275 
Locus sex-linked genes in Drosophila simulans 


$1 
LoEs, J. 460, 484 
Loew, H. 194, 207 
LunpbBEckK, W. 207 


MacDoweE Lt, E. C. 466, 484 
Maine Experiment Station 267 
Maize 
Albino 91 
Recessive to green 92 
Seedlings die early 92 
Aleurone 105, 106 
Crossover percentages 420, 422 
Blotched leaf 228 
Carotin 91, 93 
Cauliflower type of inflorescence 234 
Chlorophyll 109 
Crinkly leaves 229 
Crossing over 215, 237 
In megasporangium 426 
In microsporangium 426 
In microsporogenesis and megasporogene- 
sis 418, 419, 424, 425, 427 
Difference in frequency 420, 425 
Due to environment 424, 427 
Double 427 
Frequence of not greatly different 427 
Rate of 423 
Rate of plant colorand ‘iguleless leaf 423 
More frequent in megasporangium 426 
Crossover classes 106 
Crossover percentages 420, 423,427,429, 430, 
432 


Coupling series 218, 424 

Dihybrid ratios 92 

Factor pairs for tunicate ear and sugary 
endosperm on same chromosome 237 

Factor symbols 92, 93 

Factorial interactions 94, 95, 98-102, 110 
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Factors 92, 103, 105, 209-239, 420-427 
Action of 92 
Behavior seedling-chlorophy] 105 
Chlorophyll 106 
Functions of individual 99 
Governing plastid color 91, 108 
Chromosome relationship 103-107, 109 
Typically Mendelian 108 
Group relations 102, 109 
Somatic expression of not related to 
position in germplasm 109 
Genetic formulae 92, 93 
Genotypes 95 
Green 101, 108, 109 
And white striped 94 
And yellow striped 94 
Plastid color governed by two pairs of 
genetic factors 91 
Hereditary behavior of abnormal chlorophyll 
types 91 
p< seat tunicate plants sterile 213, 237 
Imperfect dominance in tunicate 213, 237 
Independence 103 
Inheritance of green and yellow pigments 91 
Inheritance of three factor pairs inde- 
pendent 98, 110 
Japonic type 94 
Linkage 107 
Between tunicate ear and sugary endo- 
sperm factors 213, 215 
Groups 217-227, 238 
Intensity genetic difference 427 
oe and aleurone factors 103- 


Tests between various groups 217-238 
Variable 420 
Linked factors 209, 210 
Golden plant with aleurone 210 
Sugary endosperm, relations with other 
mutant factors 211 
Sugary endosperm with tunicate ear 209, 


Sun-red plants with liguleless leaf 210, 222 

Tassle seed with pericarp color 211 

Waxy endosperm and aleurone color 210, 
216 


Yellow endosperm with purple anthers 210 
Yellow with aleurone 210 

Luteus 93 

Mutant factors 209, 211, 239 

Pericarp color 106 

Phenotypes in plastid coloration 94 

Plant-color factor 226 

Probable error of ratios 211 

Ratio 9, 7, 109 

Ratios in plastid color inheritance in maize 
92-103, 107 

Ratios modified 93, 94, 98, 100, 101 

Relations of sugary endosperm and other 
mutant factors 211 

Repulsion series 218, 424 

Seed, colored and colorless 105 

Starchy endosperm 210 

Starchy-sugary endosperm 219, 224, 226, 228 
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Sugary endosperm 419 
Sugary-tunicate linkage relation 419 
Tri-hybrid ratios 95 
Tri-hybrid relations 95 
Tunicate ear 419 
Dominant character 209, 211, 213 
Variation in linkage 215-217 
Virescent 91, 92, 101 
Factor effect 94 
Recessive to green 92 
White 92, 93, 95, 105, 107 
Yellow 94, 101 . 
White 108, 110 
Xanthophyll 91, 93, 109 
Yellow 91-93, 95, i01, 105, 106,4108, 110 
And virescent-white relation 93 
Plastid color governed by one pair of 
genetic factors 91 
Recessive to green 92 
Male secondary sex character absent in. duck 
species hybrids 367, 368 
Malnutrition as cause of irregularities in 
segregation 574 
Mammals, black, brown, dilute, piebald, white, 
yellow 202 
an 
Cleft palate, congenital cataract, harelip, 
polydactylism 452 
Asymmetrical bilobed ear transmitted 448 
Asymmetrical femurs 471 
Asymmetrical squint eye 448, 449 
Ear defect 460 
Eye defect 460, 461 
Height and germinal constancy 390 
Inheritance of asymmetry 448 
Inheritance of left-handedness 449, 450, 458, 


460 
Right-handedness 450, 458, 462 
Situs inversus 450, 458 
Skeletal asymmetry 453 
Mass mutations 2 
Mating, systems of 111-178 
Allelomorphs 119 
Analysis by path coefficients 114 
Assortative 113, 114, 118, 120, 122, 144, 
a 147, 150, 153, 154, 157, 167, 174-176, 
178 


Based on somatic characteristics 175 
Based on somatic resemblance 144-161 
Imperfect 160 
Perfect 160 
Biometric relations between parent and off- 
spring 111-123 
Brother-sister matings 126, 135 
Coefficient of correlation 115, 117 
Combinations of factors 112 
Combination of systems of mating 169 
Combined systems of breeding 167 
Consanguinity 119, 121, 122, 124, 136, 142 
Correlation 
Between brother and sister 127, 169 
Between gametes 120 
Between mated individuals 129 
Between parents 119, 169 




















Between parent and offspring 122, 129, 
68, 169 
Between offspring of a mating 130, 153 

Between two variables 115 
Between zygotic formulae 118 
Correlations, degrees of 114 
Correlations between relatives 120 
Crossing of pure breeds 113 
Differential death rate 114 
Differential productivity 114 
Disassortative mating 154, 167, 176, 178 
Dominance 117, 119 
Dominant factors more conducive to vigor 
than recessives 171 
Double first cousins 133, 135 
Effects of inbreeding on genetic com- 
position 124-143 
Effects of systems of breeding 169,174 
Environmental factors 116 
Environmental influences 120 
Equilibrium 153 
under random 112, 113, 121, 122 
Fertility 114 
First cousins 139 
Formula, case of no dominance 144 
Formula with dominance 144 
Formulae 113, 117-122, 125-128, 130-137, 
139, 141, 142, 146-148, 151-157, 159, 
161-165, 173 
Genetic constitution 118 
Genetic variation of a population 120 
Half-brother and sister 136-139 
Half-first cousins 141 
Heredity and environment 115, 116 
Heterozygosis 120, 136 
Percentage 125, 126, 131, 132, 134, 135, 
137, 139, 141, 144-147, 152, 155, 165 
Homoscedastic 155 
Homozygosis 120, 171, 174-176 
= with reduction in fecundity 
171 


Effect of selection on 176 
Percentage of 129, 138 
After inbreeding 172-174 
Inbreeding > 129, 147, 154, 157, 161, 167, 
172, 175, 
Decline of vigor 141 
Intangible factors 116 
Linkage affecting prepotency 171 
a method of fixing characters 138, 


Method illustrated 122 
Multiple factors 119 
Octuple third cousins 135, 136 
Parent-offspring mating 130 
Path coefficient 115, 116, 118, 120, 124-126, 
130, 131, 133, 146 
Defined 114 
Prepotency cause of 129, 171 
Prepotency effect of 177 
Pure-breeding 113 
Quadruple second cousins 134, 135 
Random mating 121, 122, 154, 167, 176 
Rate 114 
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Recessive factors 119 
Second cousins 141-143 
Segregation 118 
Selection 119, 167 178 
Control over heredity 166 
Effects of 162-166, 176 
—_— of environmental variation 165, 


One factor involved 162, 163 

Toward definite type 163, 165 
Self-fertilization 130, 135 
Sex linkage 118 
Squared path coefficients 115 
Two-factor case 112 
Variability of population 153, 176 
Variation 

Due to one unit factor 144 

Due to two factors 145 

Reduced by selection 166 
Vigor correlation with homozygosis 171 
Zygote and gamete 118 

— hybrids due to polyembryony 


Medaka, see A plocheilus latipes 554 

Megaspore development in maize 417 

MEJJERE, J. C. H. DE 89, 90 

MELANDER, A. L, 194, 207 

Melanesotma 192 

MENDEL 111 

— behavior in Anas species hybrids 
370 

Mendelian factors, distribution 124 

Mendelian factors demonstrated in domestic 
animals 111 

Mendelian heterozygosity 397 

—— inheritance in Oenothera Pratincola 
4 

Mendelian mechanism 112 

— ratios, conditions for equilibrium in 


Mendelian reaction system 357, 359 
Mendelian segregation in Bruchus 71 
Mendelism more nearly approached in closely 
related than widely separated 
species 380 
METCALF, Z. P. 67 
Method of forcing Oenothera seeds to germi- 
nate 575 
Method of inbreeding 173 
Metz, C. W. 44, 62-64, 184, 204, 207 
Mice 
Intense and albino allelomorphs 203 
Pink-eye 203 
Microspore development in maize 417 
Mites, F. C. 92, 93, 110 
Mumer, J. R. 212, 240 
Mins, Miss L. A. 263 
Mirabilis, chlorina mutant 205 
Mirabilis Jalapa 205 
Mirabilis longiflora 205 
Mitotic aberrations at reduction division 354 
Mong, O. L. 196, 
Mollusks 451, 457 
Inheritance of dextrality and sinistrality 450 
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Morean, T. H. 1, 15, 44, 46, 55, 57, 60, 63. 
70, 87-90, 194, 202, 207, 215, 240, 341, 417, 
428, 459, 524 
Morphology of wheat 403 
Morse, W. J. 487, 510, 517, 525 
Mules, color inheritance 205 
Mutter, H. J. 1, 15, 87, 89, 90, 201 
Multiple allelomorph series, no crossing over 
between members of 88 
Multiple allelomorph system and sex-linked 
inheritance 65, 66, 69, 71, 83, 87-89 
Multiple factors 112 
Mutability, periodicity of 11 
Mutants 
And types in Bruchus quadrimaculatus 67 
Characters in Drosophila simulans 44 
Characters in Drosophila species similar 63 
Factors in corn 209 
Genes allelomorphic in species of Drosophila 
Genes recessive 198, 199 
Globe in Datura 241, 263 
Pollen tubes retarded 262 
Of Bruchus 88 
Form allelomorphic series 88 
Simple tri-somic 263, 264 
Mutated gene 192 
Mutation 
As possible cause of intersex in Diptera 193 
Concealed 13, 14 
In tobacco 433, 434 
Mutations 
Autosomal in Drosophila simulans 179 
Cause of 255 
Duplication of chromosomes 242 
Not identical in Drosophila melanogaster and 
Drosophila simulans 47 
Identical in different species of Drosophila 
206 


In Datura 241 
Incidence 264 
Effect of inbreeding 264 
Inheritance 247-250, 252, 263, 264 
Inherited through female 241, 248 
Loss of vigor 247, 262 
More frequent from simple tri-somic mutants 
than from normals 262 
Not caused by hybridization 263 
Oenothera Pratincola 1-42 
Induced by crossing 11, 14 
Of Drosophila melanogaster 43, 46-48, 61, 62 
Mydaea (spilogaster) duplicata 193 


Nasours, R. K. 418, 428 
National Herbarium 312 
Nauptn, C. Frontispiece, 207, 315, 316, 318 
Newman, H. H. 451, 484 
Nicotiana, see tobacco 
Nicotiana 315 
Backcrosses 324 
Variability 363 
Correlation between plant characters and 
fertility none 336 


Crosses 
N. rustica brasiliaX N. paniculata 342 
N. rustica humilis XN. paniculata 315, 316, 
320-329, 331, 333-339, 346, 347, 348, 356 
Dwarf segregate 329, 346 
F — 227, 327, 331, 334-339, 347, 


Giant segregate 329, 341 

Reciprocals identical 350 

Sterility 323, 324, 331-333, 337 

Variability 327, 331, 334, 342, 343, 347, 
348 x 


Variations in corolla length 323 
Variations fruit, flowers, leaves, stem 334 
Vigor in F, hybrids 323 

N. — scabraX N. paniculata 340, 341, 
353 
Correlation between physical type and 

sterility 340, 341 

N. rustica scabraX N . rustica brasilia 319 

N. rustica scabraX N. rustica humilis 319, 
320 


N. rustica texanaX N. rustica brasilia 319, 

N. rustica texanaXN. rustica humilis 319, 
Peneains of segregation of parental types 
Height of crosses 319 


Langsdorfit 204, 318 
Matroclinous hybrids 318 


paniculata 311, 315, 317-319, 324, 331, 340, 


343, 349, 350-353, 357, 359, 360, 362, 363 
Parental strains and behavior 318 


rustica 311, 313, 315, 316, 318, 324, 329, 


331, 349, 350-353, 357, 360, 362 

asiatica 312, 313, 340, 346, 347 

brasilia 312-315, 319-322, 329, 332, 340, 

342-347, 349, 363 

First cultivated tobacco 312 

Heritable factor differences in varieties 
319-321 

humilis 312-314, 319, 321, 323, 340, 342- 
346, 353, 359, 360, 363 

jamaicensis 312, 313, 303, 346 

Reciprocal hybrids similar to varietal 
crosses 319 

scabra 312, 314, 319, 320, 322, 329, 335, 
340, 341, 353, 363 

scabra-like, segregate 327 

texana 312-314, 318, 321, 329, 334, 340, 
343-346, 363 
Origin 321 

Varieties 312, 313 

Species crosses 361 

Fertility 349, 354 

Homozygosity 346, 347 

Maternal species produced 318 

Recombination series of gametes 358 

Results 349-365 

Segregation of varieties 327, 331, 334, 340 

Variability decreasing in self-fertilized 
segregates 

Vigor of heterosis 361 




















Species hybrids 315-318, 322-358 
Combination of characters 330 
Gametes functional 362 
Percentage pollen 336 
Pollen sterility 333 
One parent duplicated in F, 325, 327, 328, 

331 


Segregation of parental types in F, 325, 
329, 334, 340, 353 
Uniformity 322 
Variability 324, 327, 331-334, 342, 343, 
347, 348, 353 
Variable 316, 318, 330 
sylvestris 355, 356 
X tabacum 355, 356 
tabacum 312, 356, 357 
Variety NV. perennis 318 
Nitsson-Eute, H. 506, 525 
Non-disjunction 397, 570, 571 
Factors influencing in Datura 255 
In Drosophila 43, 55, 62 
Of sex chromosomes in Drosophila simulans 
199 


Nonwez, J. F. 57 
Nuttatt, G. H. F. 188, 192, 207 


Oenothera 262, 574 
Breeding conducted under conditions of 
malnutrition 575, 576 
brevistylis 574-578, 580-582, 585 
Ratio to Lamarckiana compared under 
normal and malnutrition conditions 
578, 579, 582-584 
Broad-leaved 582 
Experimental conditions of malnutrition 
580, 582, 585 
Factors affecting proportion 581 
gigas 354 
Lamarckiana 574, 576-578, 580-582, 584, 
585 


Mutant gigas 313 
Under conditions of malnutrition 586 
lata 354, 582 
Malnutrition 580, 585, 586 
Monohybrid ratio 574 
nanella 577, 578, 580, 582, 583, 586 
brevistylis 577, 580, 586 
Narrow-leaved dwarf 582, 583 
oblonga 577-579, 582, 583 
Percentages of Lamarckiana and brevistylis 
to number of seeds sown 584 
Pollen, differing genetic types 581 
Pollen tube in relation to style 581, 585 
pratincola 
Aberrant phenomena 1 
Balanced lethal stock of Drosophila 1 
Fertility problems 12 
Flat-leaved 26-42 
Flatness 1, 3, 4, 10, 11, 13, 26-41 
Gametes 2, 3, 5, 
Genetic analysis 2 
Germination percentages 11, 12, 42 
Germination, selective 12 
Heterogametism 1-42 
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Hybrid viscida 6, 16, 34 
Hypothesis of heterogametism 2 
Inheritance in crosses 3-9 
Inheritance of two types 13 
Matroclinic inheritance 7, 10 
Matroclinic progenty 2, 3 
Mass mutation 2 
Mendelian factors 11, 15 
Mendelian inheritance 1, 7, 10, 11 
Mendelian monohybrid segregation 6 
Mendelian segregation 2, 13 
Metacliny 2 
Mutant albicans 15, 31 
angustifolia 10, 15 
brevistylis 10 
dimor pha 15, 30, 32, 33 
ericacea 15 
fallax 15, 30, 32, 33 
formosa 1-6, 10, 11, 13, 14, 15, 31 
Xlatifolia 16-25, 33 
Xtypica 16-24, 34, 40, 41 
gigas 10, 16 
graminea 34 
grisea 16 
grisella 10, 16, 30 
latifolia 1, 4, 6, 15 
nitidissima 10, 11, 14 
numularia 15, 16 
revoluta 16, 31 
setacea 16, 31 
sub-latifolia 16, 33 
typica strain 1-6, 9, 10, 14, 15, 33, 35, 
40, 41 


Mutation and inhibiting factors 11 
Mutation complicating Mendelian In- 
heritance 1-42 
Mutation concealed 13 
Mutation induced by crossing 11 
Mutation masked by Mendelian factors 
10, 11, 14 
Parallel with Drosophila 1 
Pedigrees of plants crossed 9 
Pollen equivalent in typica Xlatifolia 4 
Recessive factors 11 
Reciprocal crosses 2, 6, 8 
Revolute-leaved 7, 10, 11, 26-42 
Revoluteness 13, 26-41 
Segregation of factors 13 
Self-pollination concealing mutations 13 
Sterility problems 12 
Strain C 3-6, 10, 11, 13-15 
Strain C 3-6, 11, 13-15 
Types Erought into prominence 12 
Ratio brevistylis to Lamarckiana varies 581 
Ratios extreme 585 
Results of normal and malnutrition experi- 
ments compared 582-584 
scintillans 577, 579, 582, 583, 585 
Chromosome count 585 
Seed production under conditions of mal- 
nutrition 575, 578, 579, 582-585 
—— ratios changed by environment 
574 








Stumpy seedlings 577, 580, 585 
Technique of breeding under conditions of 
malnutrition 575 
Technique of germinating seeds 575 
Office of Plant Introduction 311 
Origin of domestic races 364, 365 
Ottawa Station 401 


Papilio memnon, order of dominance 89 
Parasitization influence on secondary sexual 
characters 193 
Parent-offspring mating 130 
ParKER, J. H. 401, 414, 416 
Partula, matroclinous inheritance 450 
Partula 
otaheitana sinistralis 450 
otaheitana sinistrorsa 450 
Pea 
Difference of one factor in green and yellow 
cotyledon 
Variety Goldkénig 504 
= pigment fades out in yellow varieties 


Yellow and green cotyledon varieties have 
yellow and green pigments 504 
Peart, R. 114, 123, 126, 143, 212, 240, 267, 
395, 398 
Pearson, K. 112, 123, 452, 465, 471, 484, 525 
PECKHAM, MIss Epna M. 275 
PeckHaM, Miss Ina M. 275 
Pediculoides ventrocosus, New 67 
Pedigree, systems of improvement 384 
PEREZ, J. 193, 207 
Peromyscus 112, 480 
maniculatus 453 
Asymmetrical sacrum 453, 483 
— of asymmetry 453, 466-478, 
Osteological material 464-478 
Skeletal asymmetry 483 
Subspecfic hybrids, F; generation 463 
Subspecies 470 
Specific crosses 463 
Petunioides 355 
Phasianus, (see pheasant) 
colchicus 381 
torquatus 381 
.Pheasant, (see segregation in species hybrids) 
376, 378, 380 
Pheasant crosses 371-378, 380, 382 
Puiures, J. C. 366, 370, 371, 379, 380, 383 
Phorid fly 194 
Physa heterostropha 457 
Pigeon, male crossing over 417 
Prrer, C. V. 487, 510, 517, 525 
Pisum sativum 504 
Plantago major 506 
Platychirus 192 
Proves, H. H. 54, 63, 420, 428 
Poeciliidae 554 
Polarity, non-Mendelian origin 460 
Pott, H. 380, 383 
Pollen differing genetic types in Oenothera 581 
Pollen 
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Grains, diameter 411 
Grains, size and variability 399, 410, 412, 
414-416 


Sterility in Datura 256-261, 263 
= in relation to style in Oenothera 581, 
58 


— of mutant grains in Datura retarded 
Polyphyletic origin of domestic races 364-365 
Prepotency due to homozygosis in dominant 

factors 129, 171 

Effect of inbreeding 177 
Prepotency affected - linkage 171 
Primula 

Crossing over both in micro- and mega- 

sporangium 418 

linkage 419, 426 

sinensis 215, 237 
PrizBraM, H. ‘451, 457, 458, 484 
Probable error meaning 390 
Pubescence color inheritance in soy-beans 487, 


Puccinia triticina Eriks 400 
Punnett, R. C. 428, 463, 484, 513, 524 
Pure lines, rating 384, 391 


Rabbits, intense ee and albino, 
allelomorphs 20 
Ratios in Bruchus 1, 83 
Ratios in plastid color inheritance in maize 92 
Ratios, sex in Drosophila 197 
Ratios, sex-limited 85 
Rats (mus) 
Agouti and black allelomorphic 2062 
a intense, dilute and albino 203 
Pinkeye 203 
Recessive producing dominant 11 
Reciprocal hybrids similar in pheasant species 
crosses 371 
Regression 384, 387 
Filial, mathematica] nature 384 
Great among children of shorter parents 390 
Little in children of tall parents 390 
Relatives, correlations between 120 
Remick, B. L. 112, 114, 144, 161, 162, 166 
Repulsion 418 
Reversion to wild type in species crosses of 
Drosophila when mutations are used 46 
Ricwarps, M. H. 108, 207 
RICHTER 447 
RmceEway, RosBeErt 69, 90 
Rossins, R. B. 112-114, 123 


SAGERET 315 

SAUNDERS, E. R. 428 

Sax, K. 399, 403, 416 

Scumipt 573 

ScHNaBL, J. 193, 207 

ScHOFIELD, R. 448, 485 

Scuuz 399, 413 

Seed-coat inheritance in soy-bean 487 

Seed formation favored by shorter day 433 

Seed production under conditions of malnutri- 
tion 575, 578, 579, 582-585 
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Seedling, maize coloration 91-110 
Segregates F; in Anas species hybrids 371 
Segregation in pheasant back-crosses 373-376 
Segregation in species hybrids 366 
Backcrosses pheasant species hybrids 372 
Segregation 373-376 
Character complexes in species crosses 382 
Characters disassociated in hybrids 382 
Color factors and factors underlying fertility 
independent 383 
Cytological problem in sterile and unlike 
reciprocal hybrids in pheasants 383 
Ducks fertile in wide crosses 383 
Genes for secondary sex color-patterns on 
separate chromosomes 382 
Linkage of character-complexes 376, 382 
Male secondary sex character absent in 
Anas hybrids 367, 368 
Mallards, East India melanistic 381 
Mendelian ratio between normals and East 
Indias 381 
Mendelism more nearly approached in closely 
related forms than widely separated 
species 380 
Plumage characters closely related 382 
Segregation in F, Amherst and Golden 
Pheasant 372-376 
Sex of hybrids 376 
Sex-intergrades in F, segregated in Anas 
species hybrids 367 
Sex-linkage none in pheasant species hybrids 
372, 382 
Species combinations in birds 382 
Sterility partial in extreme matings 381 
Variability in F; 367 
Variability in F, 367-370 
Segregation irregularities caused by malnutri- 
tion 574 
Segregation ratios changed by environment 
Selection 
Difference of bases illustrated by dice- 
casting 384, 392, 393 
Difference in direction mere chance 392, 393 
Effects of 162-166 
Environmental influence on 165-166 
Practical corollaries 394 
Somatic basis 384, 394-396 
Within pure lines 384, 392-394 
Of soy-beans 488 
Self-fertility in wheat 402 
Self-pollination concealing mutations 13, 14 
Selfing under conditions of malnutrition 576 
Sesqui-hybrids, development of parental types 
in Nicotiana 356, 360 
SETCHELL, W. A. 312, 315, 365 
Sex chromosomes in Drosophila 43 
Sex intergrades in F; segregates in Anas species 
hybrids 367 
Sex-limited 
Colors in Bruchus 83, 88 
Factors follow Mendelian scheme 89 
Inheritance in Ayrshire cattle 89 
Inheritance in Bruchus 65 


Generics 6: 





1921 


INDEX 





601 


Ratios in Bruchus 85 
Sex-linkage none in pheasant species hybrids 
372, 382 
Sex-linked 
Group of genes in Drosophila simulans 43-65 
Inheritance 89 
In fish 554 
Mutations in Drosophila 43, 46-48, 62, 63 
= in fishes 558, 559, 561-563, 568, 569, 
1 
Sex of hybrids in pheasant 376 
Sex ratios in Drosophila 197 
Sexual characters secondary and influence of 
parasitization 193 
Sexual dimorphism in Bruchus 88, 90 
Sexually dimorphic mutants in 
Bruchus 88, 89 
Drosophila 88, 89 
SHutt, G. H. 506, 525, 573 
Silkworm moth 417 
Situ, G. 380, 383 
Soja max (see soy-beans) 
Sottas, J. B. L. 452, 485 
Somatic modifications non-hereditary 455 
Somatic modifications origin 455 
Somatic segregation 456 
Soy-beans 
Auburn variety 488, 506-509, 523 
Biomeirical constants 489 
Characters inherited independently 522 
Chimera due to somatic mutation 503 
Color characters 487 
Complementary factors 524 
Cotyledon color 487, 504, 509, 511, 543, 544 
Cotyledon and seed-coat colors inheritance 
510, 511, 513 
Cross pollination and unexpected beans 507 
Crosses 
Crossover percentage 515 
Duplicate factors 505-506 
Factor symbols 489, 490, 505 
Genetical formulae 489, 490, 505 
Green and yellow seed coats an allelomorphic 
pair 509 
Hilum color extension 515, 518, 548, 549 
Hybrid plants 489 
Independent inheritance 509, 552, 553 
Linkage 509, 510, 513, 518, 522, 547 
Maternal inheritance of cotyledon color 509 
Pigments, green and yellow 504 
Progenies three types in F; 523 
Pubescence color 516-518, 549 
Ratios 
Aberrant F; 490, 492, 523 
Modified dihybrid 518 
15:1 493-498, 505, 523, 545 
9:7 suggests two complementary factors 
516 


62:1 507 

3:1 494-498, 505, 518, 523 
Reciprocal varietal crosses 490 
Seed-coat colors 487, 510, 524, 545, 546 
Seed mixture 502 








Seed with green cotyledons bred true 492, 
523 


Selection within pure lines 488 
Self-fertilized 488, 489 
Symbols for factors 524 
Unexpected beans 500-503, 507, 523 
Varieties 488 
Spawning in A plocheilus latipes 555 
Species crosses reciprocals identical in Nico- 
tiana 350 
Species combinations in birds 382 
Species crosses 
Chromosome combinations in 359 
Drosophila 180, 182, 197 
Nicotiana 204 
Wheat fertility 400, 404, 413 
Wheat reciprocals 405, 406 
Wheat sterility 399, 404, 407, 412, 413, 415 
Species hybrids 315-318, 366 
In birds 366, 367, 380-382 
In Drosophila 43, 47, 48, 197, 200, 204, 205 
Mendelian phenomenon 366 
Segregation in Nicotiana 325, 340, 353 
Species, related have genes in common 201-206 
Sperm nucleus influence in ontogeny through 
cytoplasm 461, 462, 483 
Spermophagus 68 
SPILLMAN 401 
Spilomyia 202 
Sprunt, A. D. 203, 206 
Station for Experimental Evolution 275 
STEIN, P. 193, 194, 207 
Sterile crosses in wheat produce small wrinkled 
F, grains 413, 415 
Sterile hybrids 407, 408 
Sterile Pa in wheat exceed parents in vigor 
407, 415 
Sterile hybrids of plants and animals 410 
Sterile monstrosities 382 
Sterility 311 
Backcrosses 324, 359, 363 
Chromosome changes in evolutionary di- 
vergence of species 360 
S- combinations in species crosses 
359 


Chromosome numbers 360 

Chromosome recombination affecting ster- 
ility 361 

Chromosomes identical in Nicotiana rustica 
and JN. paniculata 360 

Correlations between fertility and plant 
characters 353 

Female gametes less susceptible to unfavor- 
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